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STUDIES IN FAT METABOLISM. 
I. THE INFLUENCE ON BLOOD LIPIDS OF SINGLE FOODSTUFFS. 
By C. W. McCLURE anp MILDRED E. HUNTSINGER. 


(From the Gastrointestinal Division of the Department of Biochemistry, 
Evans Memorial, Boston.) 


(Received for publication, September 27, 1927.) 


The present communication reports the results obtained from 
studies on the blood lipids either after introducing a single fatty 
acid by the duodenal tube, or the oral feeding of single pure food- 
stuffs. The studies include the determination of the lipid, nitrog- 
enous, and dextrose fractions of the whole blood, and, also, the 
iodine numbers of the cholesterol and total fatty acids. In many 
subjects the oxygen consumption was also determined. Studies 
(1) on the lipid fraction of the “fasting” blood of man have been 
reported; and, also, studies (2) of the changes in the blood lipids 
of animals after being fed fats. Only scanty data, however, are 
available on the effect of the duodenal introduction of a single 
unsaturated fatty acid (3) or on the comparative effects of fat 
and non-fat meals on the lipids of the blood. 

During the present investigation, observations were made on 
the bloods of apparently normal young adults. All experiments 
were commenced 15 hours after the ingestion of any food. The 
studies comprised series of observations made: (1) during the 
fasting state; (2) after the duodenal introduction of oleic acid; (3) 
after the ingestion singly of relatively pure foodstuffs, olive oil, 
hard-boiled egg white, and chemically pure dextrose; and (4) after 
the ingestion of a fat-free meal composed of 60 gm. of Grape-nuts, 
70 gm. of Karo syrup, 70 gm. of hard-boiled egg white, a cup of 
coffee with 6 gm. of sugar, and anorange. During all observations 
the subjects were reclining and were allowed to drink water in 
any quantity desired. For duodenal introduction, 25 cc. of oleic 
acid and 75 ec. of tap water were used. 50 cc. of olive oil were 
given by mouth and followed by 200 cc. of tap water. 240 gm. 
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of finely divided, hard-boiled egg white were eaten, supplemented 
with 200 cc. of tap water. 100 gm. of dextrose, dissolved in 
200 ce. of water, were ingested by four subjects, and 50 gm. bya fifth. 
A blood specimen was taken as control from the median basilic 
vein just before administration of food, and thereafter the opera- 
tion was repeated at approximately hourly or bihourly intervals 
for 7 to8 hours. Each specimen of blood represented a volume of 
15 to 20 ee. to which about 40 mg. of lithium oxalate were added 
to prevent clotting. The following determinations were made: 
lecithin-phosphorus, cholesterol, total fatty acids, the iodine 
number of each of the latter two, uric acid, urea nitrogen, amino 
acid nitrogen, total non-protein nitrogen, and dextrose. Oxygen 
consumption was determined by the method commonly used in 
indirect calorimetry with a closed circuit (Benedict’s) apparatus. 

Cholesterol and total fatty acids were determined by Bloor’s 
method (4). It was our experience that it was frequently difficult 
to saponify the cholesterol esters in the presence of solvents other 
than alcohol. For thisreason the original alcohol extract de- 
scribed by Bloor was evaporated to a bulk of a few ec. in order to 
drive off the ether. To this residue were added 15 ce. of redis- 
tilled ethyl alcohol, and 0.1 ec. of the NaOH solution, and the mix- 
ture boiled for 10 to 15 minutes on the electric hot plate. After 
this preliminary saponification, the remainder of the procedure was 
carried out as described in the original method. The so called 
lecithin-phosphorus was determined in the alcohol-ether extract 
of blood described by Bloor (4). Lecithin-phosphorus was de- 
termined by the method of Hess and Helman (5) in the oleic acid 
and fat-free meal series, while for all other observations that of 
Fiske and Subbarow (6) was employed. The latter method was 
found to be a very superior one. 

The iodine number of the total fatty acids of the blood was esti- 
mated by the following procedure. Blood was extracted with the 
alcohol-ether mixture as described by Bloor (4), 5 ec. of blood 
being used for each total volume of 100 cc. 80 cc. of the filtered 
extract were pipetted into a beaker of 250 cc. capacity and evapo- 
rated on the steam bath to the volume of a few cc. Then 15 ce. 
of redistilled aleohol and 0.8 cc. of the pure NaOH (Bloor (4)) 
solution were added, and the whole boiled for 10 to 15 minutes on 
the electric hot plate. Following this period of saponification, 
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evaporation just to dryness was carried out on the steam bath. 
After cooling, the dry residue was extracted in the cold with three 
portions, 20 ec. each, of redistilled chloroform. Each portion of 
the chloroform was poured through a 7 em. filter paper. This 
extraction completely freed the residue of cholesterol and left the 
soaps behind. The latter were next converted into fatty acids by 
adding 10 ce. of redistilled alcohol, containing 15 per cent of the 
usual chemically pure 35 per cent solution of hydrochloric acid. 
The whole was then boiled for 10 to 15 minutes on the electric hot 
plate, after which the alcohol and acid were driven off by evapora- 
tion to dryness on the steam bath. The fatty acids were then ex- 
tracted from the residue in the beaker by three extractions each 
with 10 cc. portions of cold chloroform. The chloroform portions 
were decanted through the same filter paper as that used in 
separating out the cholesterol, and were collected in an Erlenmeyer 
flask of 100 ce. capacity. The chloroform solution of fatty acids 
thus obtained was evaporated just to dryness on the steam bath. 
The fatty acids were next redissolved in 1 ec. of chloroform in the 
flask, and 2 ec. of Hanus’ iodine solution were added. The flask 
was stoppered, its contents mixed by rotation, and then placed in 
the dark for 1 hour. The unabsorbed iodine was determined by 
adding 0.5 ee. of a 15 per cent solution of potassium iodide, and 10 
ec. of distilled water, and titrating with 0.01 N sodium thiosulfate 
solution, starch solution being used as an indicator. Three con- 
trol flaskscontaining 1 ec. of chloroform and 2 ec. of Hanus’ iodine 
solution were run with each determination. Also, at the same time, 
the strengths of the Hanus and thiosulfate solutions were deter- 
mined by the usual cross titrations and the use of a standard chro- 
mate solution. From the weight of the iodine bound by the fatty 
acids in this procedure and the weight of the blood fatty acids as 
found by Bloor’s method, the iodine number was calculated. 
Obviously the procedure described for estimating the iodine 
number must be performed with due regard for technical accuracy. 
An Ostwald pipette of 2 ec. capacity (accurately calibrated) is 
best used for measuring the volume of Hanus’ solution. One may 
check the accuracy of, the technique of pipetting by weighings of 
the volumes of Hanus’ solution delivered by the pipette. The 
procedure has been found to give iodine numbers within 5 per 
cent of those obtained by the original Hanus method. Frequent 
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controls were made by parallel determinations, 10 and 250 mg. 
samples being used. The micro method showed variations of less 
than the indicated probable error. The above procedure for esti- 
mating the iodine number is a combination of three methods. The 
separation of the cholesterol from the fatty acids is based upon the 
procedures described by Bloor (4). The estimation of the iodine 
number is an adaptation of the modification of the Hanus method 
by Gibson and Howard (7). The various nitrogen bodies and 
dextrose of the blood were determined by the methods of Folin (8). 


Observations during the Fasting State. 


Observations on the concentrations of the lipid, nitrogen, and 
dextrose fractions were made on the blood of fifteen healthy sub- 
jects, who were in the fasting state. The results obtained are 
outlined in Table I. 

Specimens of blood from six of the subjects were obtained at 
periods weeks or months apart. Study of these specimens showed 
considerable variations in bloods obtained from the individual 
subjects in the concentration of cholesterol, total fatty acids, and 
lecithin-phosphorus, and in the iodine numbers both of the choles- 
terol and total fatty acids. Under the same conditions of com- 
parison the minimum variation of sugar concentration was 9 mg. 
(10 per cent), and the maximum 24 mg. (27 percent). Except for 
an occasional uric acid or amino acid value, the variations found 
in the nitrogenous substances were always small. 

Observations were made on the blood of these same subjects 
and one other, while in the fasting state, at hourly or bihourly 
intervals for 7 hours. All the substances previously mentioned 
were determined in the blood of five of these subjects; while only 
the lipid fractions were estimated in the other two. In the blood of 
one subject, progressive increases in the fatty acid concentration 
occurred up to a maximum of 12 per cent, 7.e. 47 mg.; while the 
corresponding iodine numbers rose from an initial value of 39 to 
an approximate constant level of 50. With all of the others but 
negligible variations were found in the total fatty acid concentra- 
tion in each series of observations on an individual subject. Ex- 
cept for an isolated value in each series of observations on four 
subjects, the maximum variation occurring in the iodine numbers 
did not exceed 12 per cent. These variations are so small as to 
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TABLE I. 
Averages of Figures Representing Lipid, Nitrogen, and Dextrose Fractions of 

Blood Collected at Intervals of Weeks or Months from 
Fasting Normal Subjects.* 
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11.0; 111 | 33 16 4.1| 6.4 
15.1 | 113 | 30 15 40} 6.4 
15.0} 89 | 33 13 3.8] 7.1 
11.6; 95 | 35 13 3.9| 7.4 
10.9 | 106 | 28 12 2.9| 6.4 
9.4 7 | 32 12 3.8] 6.9 
13.5 | 86 | 29 10 3.7 6.8 
11.0} 93 | 29 13 3.5] 6.6 
12.0} 118 | 30 12 3.5] 4.8 
18.0 | 108 | 36 15 3.7] 6.3 
12.2 | 105 | 29 13 3.1 6.1 
10.0} 95 | 32 11 3.6} 6.8 
11.3 | 100 | 34 12 oa. o- 
13.7 | 100 | 33 14 3.6] 7.2 
15.9} 98 | 34 14 3.6} 6.4 
10.0} 81 34 13 4.1 6.9 
13.2 93 36 16 2.5 6.7 
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12.6 97 13.6 3.6 6.6 
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* Somewhat less complete series of measurements on twelve other sub- 
jects confirm the magnitudes given here. 
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indicate changes of negligible importance in the character of the 
blood lipids. But the isolated iodine numbers mentioned showed 
variations of 14, 15, 23, and 38 per cent respectively. Such varia- 
tions indicate that the lipids of these particular specimens of blood 
were of different character from the others. The iodine numbers 
for the cholesterol were determined in two subjects and showed 
large variations. In the blood of two subjects initial concentra- 
tion of sugar of 112 and 118 mg., respectively, dropped to values 
of 100 at the end of 7 hours. Other than these exceptions, negligi- 
ble variations were found in the same series of observations on the 
individual subject. 

The above observations show that the lipid and sugar fractions 
were subject to considerable variations in specimens of blood ob- 
tained at periods weeks or months apart, while much less fluctua- 
tion occurred in the nitrogenous substances. With the exception 
of the iodine numbers for cholesterol, determinations of all types 
made during the same day remained fairly constant. 


Observations Following Ingestion of Foodstuffs. 


The cholesterol concentration of the blood was studied following 
the ingestion of the various foodstuffs. The average values of 
hourly variation of the group under the stimulus of the several 
test meals have been plotted in Chart I. For convenience sake the 
oleic acid curve has been transposed downward, as for some un- 
known reason all the values of this single series are definitely 
above those of the others. All other curves record values actu- 
ally observed. For purposes of comparison, the fasting curve is 
included. 

Study of the chart shows that the cholesterol concentration of 
the blood was increased after ingestion of all types of foods. Of 
the pure foodstuffs, oleic acid and olive oil caused the greatest 
increase, dextrose the next largest, and egg white the least. The 
fat-free meal caused a temporary increase only. Almost no varia- 
tions occurred during the fasting state. Therefore these findings 
show that the cholesterol concentration of the blood is modified 
by food absorption. 

The iodine numbers were determined in that portion of the blood 
filtrate supposedly containing only cholesterol. For the sake of 
brevity these will be spoken of as the cholesterol iodine numbers. 
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These were determined in the bloods of the five subjects after 
ingesting olive oil, egg white, and dextrose; and in two of these 
subjects while in the fasting state. The averages of the figures 
obtained are given in Chart II. 

Except for a slight increase the Ist hour after olive oil ingestion, 
the taking of food was followed by persistent diminution in the 
iodine numbers of the cholesterols. This decrease was most 
marked following the ingestion of dextrose. On the other hand, 
during the fasting state, corresponding periods of observation 
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Cuart I. Mg. of cholesterol per 100 cc. of blood obtained during fast- 
ing and after the ingestion of foodstuffs. 

The actual values for the oleic acid curve were: 0 hour 179, 1 hour 180, 2 
hours 188, 3 hours 199, 4 hours 199, 6 hours 188, and 7 hours 193 mg. per 
100 ec. of blood. The amount of 29 has been uniformly subtracted. 


showed increases in the iodine numbers. Therefore, food inges- 
tion was followed by definite changes in the concentration and io- 
dine numbers of cholesterol. These findings will be discussed later. 

A series of observations on the comparative effects on the blood 
lipids, of ingesting different types of foodstuffs, were carried out 
on five normal subjects. For purposes of discussion, these sub- 
jects will be designated as Group I. Preliminary control obser- 
vations were made on the blood lipids of these subjects while they 
were in the fasting state. These findings have been outlined in 
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Table I, and their significance discussed. For purposes of the 
feeding experiments, a specimen of blood was taken, and then a 
given foodstuff was administered. The different feeding experi- 
ments on the same subject were carried out several weeks or months 
apart. The oleic acid was administered intraduodenally to five 
other normal subjects, who will be designated as Group II. Three 
other subjects were given the food mixture previously described, 
and will be designated as Group III. A chart has been prepared 
which represents averages of the figures obtained for total fatty 
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Cuart II. Averages of figures for the iodine numbers of cholesterol of 
blood during fasting and after food ingestion by Group I. 


acid concentration during the various observation periods on all 
subjects. While the several groups varied slightly in numbers 
and composition, each curve is an integral unit and records the 
average performance of all the members of the particular section 
concerned. To render the comparison more specific, values as 
observed have been reduced to a common starting point of 350 
mg. (Chart III). 

The fatty acid concentration of the blood increased following the 
ingestion of all types of foodstuffs. With the exception of the 
marked increase during the 3rd hour produced by the ingestion of 
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a fat-free meal, such major increases were found in all observations 
to occur in the interval between the 3rd and 5th hours. The chart 
shows that ingestion of various types of foodstuffs was followed by 
comparable effects on the blood total fatty acids. Comparison of 
these results with those charted for similar periods of time, when the 
subjects were fasting, shows so much greater and uniform increases, 
as to leave no reasonable doubt that the ingestion both of fat and 
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CuartIII. Mg. of total fatty acids per 100 cc. of blood obtained during 
fasting and after the ingestion of foodstuffs. 

The actual initial values were: fasting 382, oleic acid 322, fat 379, protein 
358, carbohydrate 336, and fat-free meal 354 mg. per 100 cc. of blood. An 
individual curve as shown can be reconstructed by applying the suitable 
correction as indicated above to the several points drawn. 


of non-fatty foodstuffs eventually increases the total fatty acid 
concentration of the blood. 

Following the ingestion of the different foodstuffs, the iodine 
numbers of the total fatty acids were determined in all the blood 
specimens collected. This gives a series of observations on the 
iodine numbers of blood lipids for 7 or 8 hours following the inges- 
tion of each type of foodstuff. Averages of the figures representing 
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the iodine numbers obtained during the various observation 
periods are plotted for each type of food in Chart IV. Averages 
of the iodine numbers found during the fasting state are added for 
comparison. 

Analyses of averages of the iodine numbers shown in Chart 
IV demonstrate that after olive oil or egg white an upward trend 
developed at about the middle of the experimental period, fol- 
lowed by an equivalent fall. The fat-free meal gave results differ- 
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CuartIV. Iodine numbers of total fatty acids of blood obtained during 


fasting and after the ingestion of foodstuffs. 


ing from the other two foods only in that the decrease in the iodine 
numbers began earlier. In general these three foods gave com- 
parable results. Much more marked changes were observed in 
the iodine numbers following oleic acid ingestion with a sustained 
upward tendency which disappeared only in the last hour; while 
carbohydrate ingestion was followed by an early significant in- 
crease which was partially maintained throughout the experimen- 


tal period. Analysis of observations on individual subjects showed 
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that after food ingestion gross changes in the iodine numbers 
frequently preceded marked variations in the total fatty acid 
concentration. In contrast to the above findings, the iodine 
numbers of the total fatty acids determined during the fasting 
state showed but little change. Therefore, the variations in the 
iodine numbers observed after food ingestion were commonly 
much greater than those found under fasting conditions. Such 
variations are interpreted as the result of phenomena due to the 


TABLE II. 
Averages for Figures Representing Mg. of Lecithin-Phosphorus per 100 Cc. of 
Blood Obtained during Fasting and after Food Ingestion. 











Group No I I I I | I iI 
| | | 








Type of meal ingested. 








Time. — = sili 
| Fasting.* | Oleic acid.t | Olive oil.* | Egg white.* | Dextrose.* | Fat-free.t 
hrs. | , 
Fasting. | 11.7 16.4 14.1 | 13.3 | 10.7 18.4 
i | 16.7 | 142 | 139 | 10.5 18.0 
2 | | 17.4 17.0 
3 | 11.6 17.9 14.0 | 13.2 10.2 17.2 
4 | 18.1 16.8 
5 11.4 143 | 13.2 10.4 
6 18.2 | 16.3 
7 11.3 17.8 | 13.6 | 14.1 } 10.4 16.2 





* Method of Fiske. 
{+ Method of Hess and Helman. 


absorption of the products of digestion and probably of certain in- 
termediate phases of metabolism engendered by this. 

The so called lecithin-phosphorus concentration was determined 
in all specimens of blood, and the results are outlined in Table II. 

With the exception of oleic acid, only negligible variations in 
concentration were observed following the ingestion of the various 
types of foodstuffs. In this series, 7.e., the duodenal administration 
of oleic acid, the lecithin-phosphorus was determined by the method 
of Hess and Helman; and actual comparison showed this method 
often gave higher and more variable results in the same series of 
blood specimens than did Fiske’s method which was used exclu- 
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sively in all the other series. The significance of the findings will 5 


be discussed later. 
The effects of the ingestion of different types of foodstuffs on 


TABLE III. 
Nitrogen and Dextrose Fractions of Blood Obtained during Fasting and after ' 
Food Ingestion and the Oxygen Consumption of Group I. 





Time in brs. 








Substance measured. Type of meal. 

0 1 3 5 7 

Non-protein nitrogen, | Fasting. 32 33 32 32 
mg. per 100 cc. Fat. 33 | 32 | 32 | 31 | 31 F 

Protein. 32 33 33 33 34 

Carbohydrate. | 33 32 31 32 32 

Urea nitrogen, mg. per | Fasting. 14 13 13 13 
100 cc. Fat. 15 14 13 13 13 ; 

Protein. 13 13 15 15 16 


Carbohydrate. | 13 13 12 12 12 


Uric acid, mg. per 100 | Fasting. 3.3} 3.5) 3.4 3.5 
cc. Fat. 3.8 3.8 3.8) 3.6 3.8 
Protein. 3.7) 3.8} 4.1) 3.9) 4.0 } 
Carbohydrate. 3.7, 3.6] 3.5) 3.6) 3.6 i 
Amino acid nitrogen, | Fasting. 6.4) 6.4) 6.3 6.3 
mg. per 100 cc. Fat. 6.7; 6.6) 6.6) 6.8) 6.8 ; 
Protein. 6.6, 6.9] 7.0| 7.0] 7.1 ; 
Carbohydrate. 6.8) 6.6) 6.3) 6.3) 6.3 
Glucose, mg. per 100 cc. | Fasting. 106 | 105 | 101 100 j 
Fat. 100 | 96 | 95 | 93 | 89 ' 
Protein. 93 95 95 95 93 


Carbohydrate. | 90 | 119 93 94 93 








Oxygen consumption, | Fat. 223 | 230 | 238 | 226 
224 | 224 | 253 | 231 
213 | 237 | 217 | 213 





» 
cc. per min. | Protein. 
Carbohydrate. 














the concentration of dextrose, the several nitrogenous elements of 
the blood, and on the oxygen consumption are outlined in Table 
III. The nitrogen bodies were increased only after egg white 
ingestion, and dextrose only after glucose. Fat ingestion was 
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followed by decreases in the non-protein nitrogen, urea, and dex- 
trose content of the blood. Dextrose ingestion diminished the 
amino acids slightly. The oxygen consumption is of the order 
that is implied in the work of digestion and absorption. An in- 
terpretation of these findings will be made later. 


SUMMARY AND DISCUSSION. 


Studies made at hourly intervals on the fasting blood showed, 
with few exceptions, only insignificant changes in all substances 
determined. On the other hand, studies made at intervals of weeks 
or months on the fasting blood of a given individual demonstrated 
considerable variations in the dextrose and lipid elements. - Such 
variations are interpreted as the result of changes in individual 
metabolic conditions and are probably to be anticipated. 

Following the ingestion of foods, the nitrogenous substances were 
increased only by protein food, and dextrose equally by the inges- 
tion of glucose alone. The increases noted in the nitrogen bodies 
are comparable to those reported by Folin and Berglund (9), who 
have fully discussed the interpretation of such findings. Increases 
in dextrose, following glucose ingestion, are too well established 
to require discussion. Fat ingestion influenced protein and carbo- 
hydrate metabolism as is shown by diminutions in the non-protein 
nitrogen, urea, and sugar concentrations of the blood. Comparable 
findings have been reported by Folin and Berglund (9). Dextrose 
ingestion demonstrated an influence on protein metabolism through 
the temporary decreases noted in the amino acid nitrogen. 

The iodine numbers of the fatty acid moiety following food in- 
gestion differed uniformly and markedly from those which would be 
obtained by calculation on the assumption that the observed 
increase in the fatty acids was due to oleic acid. The iodine 
numbers found were those of fatty acids either more saturated 
or much more unsaturated than oleic acid, 7.e. 90.1. With the 
exception of the glucose series, the iodine numbers had returned 
approximately to that of the fasting level by the time the major 
increase in fatty acid concentration developed; and the iodine 
numbers of the fasting levels were never as great as that of the 
oleic acid. These findings indicate that the increases observed in 
the total fatty acids of the blood were not due to oleic acid. This 
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observation, and the comparable increases in total fatty acids after 
all types of foods, suggest that such increases were the result of 
mobilization of lipids from the body tissues. 

That absorption of foodstuffs began soon after administration is 
probably indicated by marked changes in the iodine numbers 
often found as early as the Ist hour of observation. Also, an 
inverse relationship of changes in oxygen consumption to those 
of fatty acid concentration was demonstrated. These observa- 
tions suggest that the various foodstuffs had been digested and 
absorbed prior to the occurrence of the marked increases in total 
fatty acid concentration in the blood. If this be true, then the 
newly absorbed oleic acid was quickly removed from the blood 
stream, an observation supported by Bloor (10). Such rapid 
removal from the blood of newly absorbed fat, together with its 
accumulation in the liver, lends support to Leathes’ (11) conten- 
tion that fat is importantly metabolized in the liver. 

The present observations do not furnish data adequate to de- 
termine whether formation of lipids from the newly absorbed ni- 
trogenous products or from the glucose played a réle in the result- 
ing fatty acid increase in the blood. But if such actually occurred, 
more uniform changes would be expected in the iodine numbers 
than were actually found. Obviously, however, the formation of 
lipids from the absorbed glucose and the amino acids of egg albu- 
min may have been the factor which caused mobilization of lipids 
from the tissues, in a manner analogous to that occurring after the 
ingestion of fat. One point to be remembered is the varying degree 
of preliminary preparation required by the three single foods. 
While sugar (glucose) is directly absorbable, and fat at the most 
requires but the single hydrolysis, egg albumin comes to absorption 
presumably only after a long series of hydrolytic cleavages has 
taken place. This is illustrated clearly in the several time rela- 
tionships of Table III. 

The source of the mobilized lipids could be either the liver, the 
adipose tissues, or both; for both contain lipids composed of fatty 
acids of varying degrees of unsaturation (3, 12). The products of 
digestion of foodstuffs, including those of fat (11), enter the liver 
after absorption from the intestines, and the absorbed fat is even- 
tually stored in the adipose tissues. It is readily conceivable that 
phenomena incident to the entrance of these digestion products 
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into the liver and adipose tissues might place in circulation a por- 
tion of their content. But regardless of the exact sources of the 
mobilized lipids, the findings demonstrate the transport by the 
blood stream of various types of lipids from the tissues. 

Much careful work has been done on the character of the lipids 
of the blood following the feeding of fat (usually olive oil) to dogs. 
From the results obtained, very important conclusions concerning 
the metabolism of the lipids have been drawn on the premise that 
the increase in the blood of total fatty acids was due to an accumu- 
lation of newly absorbed fatty acids. In view of the results ob- 
tained from the present studies reported on human subjects, it 
would seem that such conclusions should undergo reconsideration. 

After feeding olive oil to human subjects, lecithin was not in- 
creased in the blood, while after oleic acid administration such in- 
crease was demonstrated. Even though the method of Hess and 
Helman lacks the definition of Fiske’s procedure, the increase 
observed was too great in magnitude to be ascribed solely to 
experimental error. That something increased in amount in the 
blood stream which was detectable by the former method would 
seem to be certainly demonstrated. With the exception of an 
individual experiment, increases in lecithin of the blood after 
feeding olive oil to dogs have been uniformly reported (2, 3). 
On the other hand, Eckstein did not observe such increases after 
feeding stearin to dogs. Eckstein suggests that the different 
results observed after feeding oleic acid, or olive oil, and stearin 
are due to a toxic effect of the oleic acid. In almost all the animal 
experiments the dogs were given 50 to 75 ec. of olive oil. These 
amounts represent quantities proportionately six to ten times 
those given the human subjects. There is, therefore, a funda- 
mental difference in the experimental conditions which have 
usually governed the animal observations, and those surrounding 
the work on human subjects. This, especially in view of Eck- 
stein’s observations, offers an explanation for the differences 
noted between the behavior of the blood lecithin in human and 
animal experiments. On the other hand, the discrepancies in 
results obtained by determining lecithin-phosphorus by different 
methods suggest that methods rather than the actual changes in 
lecithin-phosphorus may explain some of the increase reported 
both by others and in these experiments. 
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The increase in cholesterol content of the blood following ad- 
ministration of olive oil or oleic acid is fully comparable to that 
reported after feeding the substances to dogs (1, 2). The changes 
found in the iodine numbers of cholesterol have been described. 
These changes suggest that the blood contains mixtures of choles- 
terols differing in constitution. 'Tautomeric forms, known to exist, 
could explain such phenomena. However, MacLean and Thomas 
(13), found that determination of the iodine numbers of choles- 
terol was apt to be deceptive. For this reason, further investiga- 
tions are necessary before definitely interpreting the present 
observations. 

The interpretations of the experimental results, which have been 
discussed, were confined to explaining the significance of well 
marked relative differences in the findings. Whether or not such 
differences were actually demonstrated depends upon the suit- 
ability of the analytical methods employed. The status of most 
of the methods is fairly well established. The accuracy of the 
lecithin-phosphorus method of Hess and Helman is open to some 
question. Folin and Svedberg (14) have demonstrated that 
copper-reducing bodies other than dextrose are present in the 
blood. For this reason, the Folin and Wu method for determin- 
ing the dextrose in the blood gives results of only relative accuracy. 
Error in determining the iodine absorbed would be produced if 
oxidation of highly unsaturated fatty acids occurred. Direct 
control experimentation has excluded the occurrence of such error 
for certain of these acids. Bloor (15) has made observations which 
suggest that such oxidation is not a very rapid process. Further, 
Hartley (12) demonstrated oxidation only after exposing unsatu- 
rated fatty acids to the air for weeks. The findings indicate, 
therefore, that the procedure proposed for determining the iodine 
number of small quantities of fatty acid is relatively accurate. 

The changes demonstrated in the weight of total fatty acids in 
the blood were either absolute or relative. If they were absolute, 
then true findings in relation to the concentration of the total fatty 
acids were demonstrated. If they were relative, then gross varia- 
tions in the total fatty acid concentration were due to the appear- 
ance in the blood of new types of fatty acids. The iodine numbers 
offered a very good index as to whether the type of fatty acid did or 
did not change. However, if the weight for the total fatty acids was 
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not accurate, the calculation for the corresponding iodine number 
would be unfavorably influenced thereby. Nevertheless, iodine 
numbers based on such calculations would vary coincidently with 
changes in the degree of unsaturation of the blood mixture of fatty 
acids. Therefore, the methods used gave some results which were 
chemically accurate while others were probably only relatively so. 
In either event, the results obtained demonstrated changes either 
in the concentration or in the composition of the various substances 
determined in the blood. Such results were sufficient for the 
purposes of the interpretations which have been made. 


CONCLUSIONS. 


1. The gross changes demonstrated in the lipids of the blood are 
generally comparable regardless of the character of the foodstuffs 
ingested. These changes are interpreted as the result of mobiliza- 
tion of lipids from the body tissues. 

2. Increased total fatty acid concentration in the blood which 
follows the absorption of oleic acid is not solely the result of ac- 
cumulation of that substance. 

3. The presence in the blood of different forms of cholesterol, 
possibly tautomeric, of varying degrees of unsaturation is suggested 
by the results obtained. 

4. Nitrogenous bodies and dextrose are increased in the blood 
by homologous types of food only. 


In this paper, as in several of those which have preceded it, the 
authors wish to express their sincere appreciation to Dr. Allan W. 
Rowe and Dr. Lafayette B. Mendel for initial suggestions as to 
the possible nature of this line of study and for helpful advice and 
counsel during its progress. 
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A MODIFICATION OF THE ELECTROLYTIC GUTZEIT 
APPARATUS FOR THE ESTIMATION OF ARSENIC 
IN BIOLOGICAL MATERIAL. 


By ARNOLD E. OSTERBERG. 


(From the Section on Biochemistry, Mayo Clinic, Rochester, Minnesota.) 
(Received for publication, October 20, 1927.) 


The quantitative estimation of arsenic in biological material, 
particularly in blood, urine, and feces, has become of increasing 
importance because of the wide-spread use of arsenicals in chemo- 
therapy, with resultant clinical manifestations of arsenical poison- 
ing in many instances. Like that of other investigators our ex- 
perience has run the gamut of the various modifications of the 
Gutzeit method, criticisms of which will not be offered here since 
Fink has excellently summarized them in his article. None has 
given complete satisfaction. The electrolytic apparatus described 
by Fink (1) is the most simple and compact of any type hitherto 
described and usually serves well for the estimation of arsenic 
in blood, urine, and feces following oxidation of the organic matter 
in these materials. The apparatus has, however, not been ideal 
in our hands. In many instances low results have been obtained 
because of the necessity for diffusion of the arsenous acid from the 
anode to the cathode chamber before reduction to arsine may take 
place. It seemed better if possible to have the anode and cathode 
chambers separated by some type of diaphragm, as suggested by 
Trotman (2) and used in the apparatus described by him. ‘This 
has resulted in the production of the apparatus as shown in Fig. 1. 
In this apparatus the entire sample of 15 to 16 ce. is placed in the 
cathode chamber which is separated from the anode chamber by 
a sealed in alundum disk. This insures complete and rapid 
reduction of all arsenous acid since it is always present on the 
reducing side of the apparatus. 








20 Electrolytic Gutzeit Apparatus 


Description. 
The apparatus is entirely of Pyrex glass and can be made by 
any amateur fairly skilled in glass blowing. The apparatus is 
in the shape of a V, the two arms, C and G, serving respectively as 





a 





Fie. 1. Electrolytic Gutzeit apparatus. The cathode and anode 
chambers are separated by the sealed in alundum disk, F. The cathode 
and anode are removed from their chambers for photographic purposes. 


cathode and anode chambers. These are 16 cm. in length, the 
vathode chamber having an internal diameter of 25 mm. and the 
anode chamber a diameter of 10 mm.; the two chambers are sepa- 
rated at their junction by a sealed in disk of alundum. The bent 
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arm, B, of 6 mm. bore and 22 em. in length is sealed to the cathode 
chamber and is attached, by means of a ground glass joint, to 
the horizontal arm, A, which is 10 cm. in length, and serves to 
hold the sensitized paper. To retain any hydrogen sulfide which 
may be formed, arm B is loosely packed with glass wool moistened 
with a lead acetate solution and partially dried by pressing between 
towels. The cathode consists of a rounded lead sheet, 4 by 9 
cem.; the anode is a platinum foil 26 by 70 mm. The two elec- 
trodes are fastened to the glass stoppers, D and EF, in the arms, C 
and G, by means of sealed in platinum wires, which make connec- 
tion through mercury to a copper wire, cemented through the top 
of the stopper and connecting with the source of the current. It 
is necessary that the stopper of only the cathode chamber be a 
ground joint. The cathode chamber holds approximately 16 cc., 
the anode chamber approximately 8 cc. A current of 1 ampere 
and 12 volts is used and as many of these units may be connected 
in series as desired. To prevent heating during electrolysis the 
electrode chambers are immersed in a bath of cold water. 


Method. 


The method here described is that which we have adopted as 
a routine for urine and feces and may be adapted to other material 
frequently met with in toxicological] examinations. The method 
which is used for the destruction of organic matter is essentially 
that employed by Lawson and Scott (3). 10 cc. of urine or feces 
suspension, 20 ec. of concentrated sulfuric acid, and a crystal of 
copper sulfate are digested in a Kjeldahl flask until all organic 
matter is oxidized. I have found it unnecessary usually to use 
potassium sulfate; if possible this is omitted in order to avoid the 
separation of as much inorganic material in the final volume as 
possible. The digestion. mixture is diluted to 100 cc. and an ali- 
quot part taken for estimation. The volume of the aliquot part is 
dependent of course on the amount of arsenic present. A sample 
containing from 0.002 to 0.03 mg. of arsenic gives excellent results. 
As a sample, 0.5 ec. of stannous chloride solution (80 gm. of stan- 
nous chloride, 5 ec. of HCl, 95 ec. of water) is added to 40 ce. of 
the solution; the mixture is boiled to a volume of approximately 
15 ce. and then cooled. This entire sample is added to the cathode 
chamber of the apparatus, the anode chamber having been filled 
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previously with an electrolyte of 12.5 per cent sulfuric acid. The 
two electrodes are then put in place and the electrolysis begun. 

The sensitized paper strips have been prepared essentially as 
described by previous authors. In our hands the unsensitized 
paper strips measuring 120 by 2.5 mm., as furnished by commercial 
apparatus firms, give good results. The papers are sensitized by 
warming on a steam bath in a 5 per cent alcoholic solution of mer- 
curic bromide and allowing them to soak for 24 hours or more. 
The papers are then air-dried. When used they are moistened 
slightly by momentarily holding them over a steam bath. The 
period of electrolysis is usually 1 hour, although a shorter period 
is ample in most instances. At the end of this time the papers are 
immersed in potassium iodide solution, then in melted paraffin, 
and compared with standards obtained by adding known amounts 
of arsenic to urine. The calculation of the total arsenic present 
in the sample is obvious and depends on the volume of the sample 
and the size of the aliquot portion which is used. 


CONCLUSIONS. 


A modification of the electrolytic Gutzeit apparatus for the 
estimation of arsenic in biological material is described. The 
cathode and anode chambers are separated by an alundum disk. 
This permits the entire sample to be placed in the cathode cham- 
ber and insures rapid and complete conversion of all inorganic 
arsenic to arsine. 
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PENTOSE METABOLISM. 


II. FACTORS AFFECTING THE DISPOSAL OF /-ARABINOSE AND, 
d-XYLOSE IN THE RABBIT.* 


By RALPH C. CORLEY. 


(From the Department of Bio-Chemistry of the School of Medicine, Tulane 
University, New Orleans.) 


(Received for publication, August 1, 1927.) 


As a class the pentose sugars are generally considered but slightly 
assimilable. The hexoses have marked differences of ease of 
metabolism in the body associated with and unquestionably inti- 
mately dependent upon molecular dissimilarities. It should, 
therefore, be of interest to determine whether different spatial 
configuration can affect the degree of utilization of the carbo- 
hydrates having 5 carbon atoms. 

Neuberg and Wohlgemuth (1902) compared the formulas of the 
arabinose enantiomorphs with that of d-glucose and were of the 
opinion that the / modification was the more closely related to 
the latter. In support of this conception, they reported the ob- 
servations, that while there was comparatively little difference 
between the amount of the two forms of arabinose appearing in the 
urine of a rabbit after intravenous injection, the amount of the 
d form escaping utilization was markedly greater than that of the 
1 form after oral or subcutaneous administration. Furthermore, 
there were the findings that after the administration of the racemic 
modification, there always appeared an excess of the d-arabinose 
in the urine. These results were based upon calculations from 
optical rotation and diphenylhydrazone formation. It should be 
of interest to repeat such a study of the utilization of the forms of 
arabinose, by employing other methods that have become more 
recently available. 

The present communication reports the rate of removal of in- 


* Assisted by a grant from the David Trautman Schwartz Research 
Fund. 
23 








24 Pentose Metabolism. II 


travenously injected /-arabinose in the normal rabbit and in 
tartrate nephritis, and with insulin administration, and the effect 
on the blood sugar of enterally administered /-arabinose alone or 
with glucose. Since the results obtained with enteral administra- 
tion were rather anomalous and unexpected as compared with 
those obtained with other monosaccharides, it has seemed desir- 
able to amplify certain previous observations on the effect of 
enterally administered xylose on the blood picture (Corley, 1926). 
Furthermore it has seemed of value to study the effect of the 
simultaneous ingestion of glucose and fructose on the tolerance for 
a difficultly assimilable carbohydrate, xylose, in order to have a 
standard of comparison for the results of corresponding experi- 
ments with galactose. 


EXPERIMENTAL. 


For a description and discussion of the methods employed 
reference is made to other communications (Corley, 1926, 1927, 
1928). It has been possible to recover 98 to 103 per cent of 
l-arabinose added to blood or urine. The dextrose was a Digestive 
Ferments Company preparation, the levulose an Eastman Kodak 
Company preparation, while the arabinose was prepared from 
mesquite gum (Anderson and Sands, 1926), the xylose from corn 
cobs (Hudson and Harding, 1918). [al?’ for l-arabinose was 
+ 102°, for d-xylose, + 19.5°. 


Results. 


Following the intravenous injection of 1 gm. of arabinose 
(Table I) the residual reduction of the blood returned to normal in 
3 hours, being roughly paralleled by the total sugar. Insulin 
had little effect on the rate of disposal of circulating arabinose, 
or on the urinary excretion (Table II) although the fermentable 
sugar of the blood apparently was completely removed. In 
tartrate nephritis (Table III) with practically complete suppres- 
sion of the urine, and no excretion of reducing substances, the 
residual reduction returned to normal very slowly, still being quite 
high even after 4 hours. The enteral administration of arabinose 
(Table IV) caused but slight effect on both the total and unfer- 
mented sugar of the blood, although in one lethal experiment the 
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amount of the unfermentable reducing substances in the intestinal 
contents was not sufficient to account for the pentose ingested. 
In order to avoid the possible objection that these unexpected 


TABLE I 
Effect of Intravenously Injected Arabinose on Blood Sugar. 


Rabbit 42, 1.80 kilos: gray male; fasted 42 hrs. 











Blood per 100 Urine 
Date Time Tota Remarks 
May 12 Pefore. 113.0 33.0 1 gm. arabinose in 10 ce 
water at 9.58 a.m 
12, 10.00 a.m 322.2 | 229.0 
12; 11.02 “ 172.8 | °79.2 
12; 11.58 “ 152.0 58.0 
12. 12.59 p.m 133.8 37.6 477 25 cc. urine 





TABLE II 
Effect of Intravenously Injected Arabinose and Insulin on Blood Sugar. 


Rabbit 112, 1.80 kilos: black male; fasted 40 hrs 











Uri 
Ur - 
I Tin : Tot hs me ed Remarks 
— tion 
1927 i m r 
May 31 | Before. 42.9 | 66.0 | 27.0 1 mg. arabinose and 
2.5 units insulin in 
13 cc. water 10.27 
a.m 
31 | 10.29 a.m 251.4 |234.0 
31; 11.27 “ 60.0 60.0 
3l | 12.25 p.m. 49.0 | 36.0 


3! 1.22 “ S4.4 30.0 448 30 cc. urine 


results were to be attributed to the preparation employed, several 
commercial preparations available in the laboratory were used for 
some of the experiments. The results with each of these were 
the same as with our product. Experiment 166 exemplifies these 





TABLE Ill. 

Effect of Intravenously Injected Arabinose on Blood Sugar in Tartrate 
Nephritis. 

Rabbit 112, 1.70 kilos; black male; fasted 96 hrs. 





Blood per 100 ce. 






















































































Urine. 
Unfer- 
Date, Time. Non- Total Unfer-| mented Remarks, 
protein) -oduc- mented} reduc- ‘ 
nitro- | “tion. | tedue-| tion. ' 
gen. . tion. ' 
1927 mg. mg. mg. mg. i 
June 5| 6.00 p.m. 1.80 gm. tartaric acid ' 
in molecular so- k 
lution of NaCO; 
subcutaneously. 
“ 8] Before. 225.0 |118.2 | 42.0 1 gm. arabinose in 10 
cc. water at 9.38 
a.m. 
“ 8] 9.41 a.m. 266.0 |213.4 
*“ 21838 * 208.2 |137.4 
“ 8/ 11.45 “ 208 .2 |120.8 
“ 8] 2.12 p.m. 180.4 | 89.4 0 l cc. urine. ; 
TABLE IV. 
Effect of Enterally Administered Arabinose on Blood Sugar. 
Experiment No....... 137 138 146 166 198 
Rabbit No........... 45 47 45 26 5 i 
& SeReenSee May 12 May 12 May 19 May 31 June 8 r 
Weight, kg............ 1.93 1.93 1.93 2.15 1.70 
Ingested. 
ater, C........... 11 11 22 13 10 
Arabinose, gm...... 1.93 1.93 3.86 2.15* 1.70 
Time of fasting, Ars... 42 42 48 40 96 
= | ag 3 3 3 
3 3 3 3 3 
§ § & & § 
, S : & ; § ; =} ; =] 
2/f/e/s/F/S/F/8])3/ 8 
° = ° a ) = ° 5 ) a 
- s) = =) - > - > cS > 
Blood sugar, mg. 
per 100 cc. | 
See 101.8} 27.0} 96.6) 30.0) 96.6) 22.0) 76.6) 33.0) 99.0/24.0 
RRS ree 115.6) 28 .6)115.6) 47.0)101 .8) 27 .0)113.0) 43.0 120 .8|30.0 
a 120.8} 43 .0)126.0) 36.0/107.4) 33.0)104.6) 42.0)152.0/42 .0f 
i  scaveenae 128.6} 27 .0/126.0| 36.0/120.8) 33.0/118.2} 42.0 
i  .ceanweee 118.2} 27 .0)120.8) 33.0)131.2) 33.0)115.6) 33.0 
Urine sugar, mg. |132 [129 |340 (339 [164 [165 [242 {240 | 41 [41 
* Pfanstiehl preparation. 
+ Animal killed. Intestinal contents contained 980 mg. of reducing 
substances, all unfermentable. 
26 
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TABLE V. 


Effect of Enterally Administered Arabinose and Glucose on Blood Sugar. 





| 






































Experiment No. iaabwndiacns 139 | 140 
neon iidasteekaenas 110 111 
Jee May 12 May 12 
Na scecacniuihasivens 16 1.93 
Ingested. 
EE Rr eT as 26 | 33 
Arabinose, ym.. ee ae 2.16 | 1.93 
Gluccse, gm... = 2.16 3.86 
Time of fasting, Ars....... 42 42 
cs. Unfer- i Unfer- 
Total. mented. | Total. | mented. 
a 
Blood sugar, mg. per 100 cc. | 
RRS Se ee 89.4 25.6 96.6 27.0 
SEES eee eee ee ae 172.8 | 33.0 154.6 39.0 
| A ee ee 1 146.8 | 42.0 154.6 36.0 
Tag RR eee ere cnet een ee | 126.0 37 .6 126.0 36.0 
Tr A taste ile tL 115.6 30.0 128.6 27 .0 
Urine sugar, mg................ 273 277 268 266 
TABLE VI. 

Effect of Enterally Administered Xylose on Blood Sugar. 
SER CEEE pe ae rene | 156 167 177 
Rabbit No............... GM 110 29 27 
Date, 1927 May 25 May 31 June 2 
Weight, kg. ; 2.05 | 2.35 1.80 
Ingested. | | 

Water, cc ; } 12 | 28 2 
Xylose, gm 2.05 4.70 5.40 
Time of fasting, Ars. | 48 40 | 48 
= See a 5 amenemell 
‘ | = | = 
| 3 | 3 3 
r s | a 
| § : | 3 
1Z2)/2/2/3/2/2 
a - = }; » é | 
Blood sugar, mg. per 100 cc. 
REE eee ..| 87.0 | 24.0 | 79.0) 36.0) 104 6 30.0 
| | | | 
et ea eg ee ees ee 131.2 | 66.0 | 167.6) 115.6) 185 2) 104.6 
RSE ERI an Mme Ne 146.8 | 69.0 | 221.2) 139.0) 197.8) 146.8 
2 Seen 159.4 | 60.0 | 221.2) 131.2} 221.2) 137.4 
Re a od a en oe 144.2 7.0 | 190.0} 91.8) 180.4) 118.2 
| ——_—_ | ———__|- —-— | —— 
vT_* | 
Urine sugar, mg.................. 432 (480 (1126 |1120 (1164 |1165 











TABLE VII. 
Effect of Enterally Administered Xylose and Glucose on Blood Sugar. 





Experiment No...... tea 176 158 180 202 






































Rabbit No............| 26 112 110 42 ‘ 
Sy ee ma 27 June2 | May25 | June2 | June 10 
Weight, kg.........+. 1.80 2.14 1.70 | 2.14 1.70 
Ingested. E 
OE re 20 39 30 52 30 ‘ 
Xylose, gm ....... 1.80 2.14 1.70 2.14 1.70 
Glucose, gm ee 1.80 4.28 3.40 6.42 3.40 
Time of fasting, hrs... 48 98 48 98 | 120 
= = . | 3 | - 
3 3 3 | 3 3 
i=} i=] i=] 7 i] ' 
© © 2 2 e y 
as = ~~ 5 ~— = og | 4 all = 
3 2& 3s & s 2 eS & as 6| & 
3 a S a S a S a | sis 
eFiple/l/e]l/ae/]s/lae}sl/e}ea}] os 
Blood sugar, mg. ~~ f 
per 100 cc. | | 
ee 110.2) 33.0)118.2 27.0) 66.0) 24.0 84.4) 27 27 .0)118.2 '30.0 











| aS 213.4) 63.0|197.6| 36.0|136.4| 27.0|147.4| 30.0|192.6)39.0* 
2 hrs...........|190.0| 74.0|178. 0 44.0|123.4) 39.0/154.6| 36.0, | 

3 “ ........,,|152.0] 63.0/182.8] 52.0128.6| 36.0/141.6| 42.0) | 
Bee 152.0) 47 .0/141 .6| 47.0|128.6| 30.0|137.4| 39.0 





— Say eae ? le | 
Urine sugar, mg. |543 (553 (330 (340 (222 (220 (242 (244 





* Animal killed. Intestinal contents contained 3800 mg. of reducing 
substances, of which 1857 mg. were unfermentable. 5 cc. of urine gave 
strong qualitative reduction test. 


TABLE VIII. 
Effect of Enterally Administered Xylose and Levulose on Blood Sugar. 












































NR wc cnoccut wadubsieneveniwe at 159 | 160 | 178 
BE Tis cae svoeceanaees 5 5 42 
SE hi snctaxceinwe May 27 May 27 June 2 
Weight, kg..... : 80 0 1.80 
Ingested. 
a ee ie a ae 21 32 | 43 
a a a oe 1.80 1.80 1.80 
Levulose, gm 1.80 3.60 | 5.40 
Time of fasting, hrs. | 48 48 48 
| gun | 
i 3 3 3 
| 3 | : | 5 
' = , 5 ; & 
3 é 3 é | 5 
2 a 3 | 2/8 = 
| | 
Blood sugar, mg. per 100 cc. | 
Before..........-eeeeeeeeeeee++-fL10.2 | 37.6 |101.8 | 30.0 | 89.4 | 31.6 
| SR ee eee ee /180. 4A! 71.0 (139.0 | 58.0 |157.2 | 58.0 
RNS: 175.0 | 79.0 |172.8 146.8 | 66.0 
D ssinccerenscveredvcereusene |170.2 | 74.0 | | 71.0 /159.8 | 63.0 
at ate a 1154.6 | 55.0 |152.0 | 52.0 |178.0 | 63.0 
a eer 503 (528 (548 {554 (437 /430 
28 
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experiments. No particular relationship could be seen between 
the urinary excretion and the amount fed. Except for the effect 
on the total sugar of the blood, the simultaneous ingestion of dex- 
trose and arabinose gave results analogous to those with arabinose 
alone (Table V). 

While differing considerably from the results with 1 gm. of 
xylose per kilo of body weight, those with 2 and 3 times-this 
amount were practically identical (Table VI). The simultaneous 
ingestion of 1 gm. each of glucose and xylose per kilo was followed 
by a urinary excretion and blood picture for unfermentable sugar, 
comparable to those given by xylose alone (Table VII). With 
increasing relative doses of glucose (Experiments 176, 158, and 
180) there was a tendency for the renal elimination to decrease and 
for the curve for the unfermentable reduction to be lower. The 
unfermentable reducing substances of the intestinal contents an 
hour after a mixture of glucose and xylose was fed, were more than 
sufficient to account for the xylose although there was a slight 
increase in the residual reduction of the blood, and the urine gave 
a strong qualitative reduction test. 

The simultaneous ingestion of levulose with xylose (Table VIII) 
had effects on the blood picture and the urinary excretion compar- 
able to those with xylose alone. 


DISCUSSION. 


The results following the intravenous injection of /-arabinose 
were similar to those of analogous experiments with xylose (Corley, 
1926). In view of the observations that xylose caused a marked 
increase in the unfermentable reduction of the blood after feeding, 
it was surprising to find that arabinose was without a like effect. 
London and coworkers (1924) have reported that arabinose caused 
a slight hyperglycemia, the total blood sugar value (136 mg.) 
corresponding to the results obtained here (Table IV). These 
slight changes might be explained as due to a comparatively slow 
absorption, or to a rapid rate of disposal after entering the circula- 
tion. Cori (192% has found that in rats arabinose was removed 
quite slowly from the gut, about half as rapidly as xylose. 

The observations that 2 and 3 gm. of xylose per kilo of body 
weight gave quite similar blood pictures and renal excretions, are 
comparable to the findings of Cori (1925) that the absorption of 
hexoses was independent of the absolute amount and also of the 
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concentration of the sugar present in the intestine of the rat. The 
results with smaller doses (Experiment 156) were not in accord, 
however. 

The effects of the simultaneous absorption of glucose and levu- 
lose on the tolerance for xylose may undoubtedly be considered as 
exemplifying the results of absorptive interrelationships. 


SUMMARY. 


1. Following the intravenous injection of /-arabinose, the re- 
ducing power of the blood after fermentation returned to the nor- 
mal value in 3 hours in the normal rabbit and with insulin adminis- 
tration, but was not back to normal in 4 hours in tartrate nephritis. 

2. The enteral administration of /-arabinose caused but slight 
rise of the total or unfermentable reduction of the blood. The 
simultaneous administration of glucose had no marked effect on 
the blood or urine values. 

3. With doses of less than 2 gm. of d-xylose per kilo of body 
weight the height of the curve for the unfermenting reduction in 
the blood and the amount of unfermentable reducing substances 
in the urine tended to vary with the dosage. Further increases 
in the amount administered resulted in no additional effects on 
the blood sugar levels or the urinary excretion. 

4. The simultaneous administration of glucose with d-xylose 
was accompanied by a delayed and depressed height of the curve 
for the unfermentable reduction on the blood, the effect becoming 
more marked with relatively increasing doses of glucose. In 
general, as the curve became lower and flatter, the urinary excre- 
tion tended to decrease. 

5. The simultaneous ingestion of levulose with d-xylose slightly 
decreased the height of the curve for the unfermentable 
reduction. 
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FACTORS IN THE METABOLISM OF LACTOSE. 


Ill. GALACTOSE TOLERANCE IN THE RABBIT. THE EFFECT OF 
THE SIMULTANEOUS ENTERAL ADMINISTRATION OF 
DEXTROSE AND LEVULOSE ON GALACTOSE 
TOLERANCE IN THE RABBIT.* 


By RALPH C. CORLEY. 


(From the Department of Bio-Chemistry of the School of Medicine, Tulane 
University, New Orleans.) 


(Received for publication, August 1, 1927.) 


It has been established that the tolerance for galactose is less 
than for lactose and considerably less than for glucose. The cri- 
terion taken in this regard has usually been the amount of the 
substance that could be ingested without causing melituria. In 
view of the possible effects of different renal thresholds, a con- 
sideration of the effects on the basis of blood pictures should be of 
interest. 

While all are not in agreement, most investigators have observed 
that the oral administration of galactose is followed by a marked 
hyperglycemia. The lack of complete accord may be attribu- 
table at least in part to the factor that minimizes the significance 
of these results; namely, that they were for total reduction and 
did not necessarily give any satisfactory index of the amount of 
circulating galactose (cf. Corley, 1927, a). 

While the greater tolerance for lactose than galactose might be 
due to a slower rate of absorption, an interesting explanation has 
been presented by Folin and Berglund (1922). They have found 
that the sugar excretion is less than one-fifth as great irom the 
mixture of glucose and galactose (100 gm. each) as from lactose 
(200 gm.), and is less than one-tenth as great as the excretion 
obtained from galactose (100 gm.) when taken alone. They 
interpreted these results as showing’ that the extent to which 


* Assisted by a grant from the David Trautman Schwartz Research 
Fund. 
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galactose is retained and utilized by the human organism depends 
on the quantity of available glucose. Benedict and Osterberg 
(1923) have expressed the belief that different rates of absorption 
might be regarded as adequately explaining these facts, in the 
absence of contrary evidence. Cori (1925-26) has indeed recorded 
that when glucose and galactose were absorbed together, the total 
amount absorbed was not greater than if either alone were present. 

Folin and Berglund found that these sugars caused no 
hyperglycemia in man, but Bodansky (1923), working with dogs, 
found that galactose, and galactose and levulose caused a marked 
hyperglycemia, while galactose and glucose gave blood sugar 
elevations considerably less than that for galactose alone, but 
greater than for glucose alone. Reinhold and Karr (1927) found 
no striking differences between the blood sugar curves of rabbits 
with galactose alone or with glucose and galactose. They also 
reported that fasting increased the height of the galactose hyper- 
glycemia. 

The present communication reports a study of galactose toler- 
ance, varying dosages and different periods of fasting being em- 
ployed, and the effect of the simultaneous administration of glu- 
cose and fructose on the tolerance for galactose. The galactose 
in the circulation and the urine was estimated by the methods 
previously described (Corley, 1927, a). Certain obvious criti- 
cisms and limitations of the method have been acknowledged 
there and discussed. Since at the end of this general series of 
experiments, it was necessary to dispose of the rabbits, they have 
been killed at certain stages of the sugar tolerance tests studied 
and the intestinal contents analyzed for total and unfermentable 
reduction. The entire alimentary tract was immediately ex- 
cised, cut open, and treated with boiling water. After heating 
for 30 minutes on a water bath with enough acetic acid to precipi- 
tate the proteins in solution, the mixture was made to definite 
volume and filtered. In most cases the filtrate was quite clear 
and contained no appreciable amount of heat-coagulable protein. 
The filtrate was analyzed for total reduction and unfermentable 
reducing substances as previously described for urine (Corley, 
1927, a). The results obtained by such a crude method must be 
interpreted most carefully. They can merely be taken to indi- 
cate the maximum amount of the sugars in question that might 








XUM 


epends 
erberg 
rption 
in the 
corded 
e total 
resent. 
ed no 
1 dogs, 
iarked 
sugar 
e, but 
found 
abbits 
y also 
hyper- 


toler- 
ig em- 
of glu- 
actose 
thods 
criti- 
edged 
‘ies of 
r have 
‘udied 
ntable 
y ex- 
eating 
‘ecipi- 
finite 
clear 
otein. 
itable 
orley, 
ist be 
indi- 
might 








R. C. Corley 33 


have been present. Several controls gave from traces to almost 
a gm. of unfermenting reducing substances (as glucose) by this 
method. 

The galactose and levulose used were Eastman Kodak Com- 
pany preparations, the glucose, a Digestive Ferments Company 
preparation. Levulose was destroyed as readily as glucose by 
yeast (Corley, 1927, a). 

The carbohydrates in aqueous solution (usually 1 gm. per 6 cc. 
of water) were administered by stomach tube, the latter being 
rinsed with 2 to 3 ec. of water. Blood samples (2 to 3 ec.) were 
taken at hourly intervals and analyzed for total reduction, un- 
fermentable reduction, and at times for non-protein nitrogen. 
The latter determination was made to check the possibility that 
frequent excretion of carbohydrates might injure the renal per- 
meability, but as no evidente of nitrogen retention has been 
found, the figures for non-protein nitrogen are usually not re- 
ported. In view of the undetermined and unstandardized vol- 
ume of liquid in the intestinal contents, it is felt that the different 
concentration of the sugar solution (1 gm. per 8 ec. of water) used 
in certain of the experiments could have had no significant in- 
fluence on the results. 


Results. 


Graphical presentation best brings out certain relationships 
found in this type of experiment, but in the interests of the econ- 
omy of space it is felt preferable to tabulate the results, and further- 
more to give but a portion of the data. 

The results for reducing power are expressed in terms of glucose. 
Table I contains typical results of galactose tolerance tests. In 
general it was observable that the residual reduction of the blood 
reached a maximum in the Ist hour after the ingestion of 1 gm. of 
galactose per kilo, and in 2 hours after 2 or 3 times this amount. 
The concentration attained in the blood at the end of 1 hour was 
little different for varying dosages of the carbohydrate, but larger 
amounts caused a continued rise in the unfermentable reduction, 
until the 2nd hour. A rough parallelism existed between the 
increases in the total and residual reduction of the blood, indicat- 
ing that the increase in the total sugar values could be largely 
accounted for by the galactose entering the circulation. It is 
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interesting to note that while the galactocemia was greater with 
2 than with 1 gm. of galactose per kilo, a greater dose lacked an 
additional effect. The excretion of unfermentable reducing sub- 
stances after 2 gm. of galactose per kilo varied between the limits 
found with 1 and 3 gm. respectively, but with a tendency to 
approach or equal that of the latter dosage. Differing from the 
results of Reinhold and Karr (1927) it was not found that increased 
time of fasting was correlated with any striking change in the 
height of the curves for total or residual reduction. 












































TABLE I. 

Effect of Enterally Administered Galactose on Blood Sugar. 
eoperiment I No. ; 110 | 122 183 | 193 168 
Rabbit No Siacnanie 6 112 44 44 39 
Date, 1987........... Apr. 26 Apr. 28 June 6 June 8 May 31 
Weight, kg........... 1.93 | 1.80 2.26 2.16 2.50 
Ingested. | 

| ere 16 15 27 | 27 45 
Galactose, gm ..... 1.93 1.80 4.52 4.52 7.50 
Time of fasting, hrs. 24 72 | 12 60 40 
| 3 | 3 | = 3 
| s | | 3 8 $ 
| i=} i=] | i<j i=] i= 
@ a z g 2 
: | = . =] : & ; 5 : | 
2/3;/2F/8 |e] | 3/8 1] 2/ 8 
5 | els/e/s|/2/s8 1/8 ]/31/5 
& _ i — & i) isa) =) ial =) 
Blood sugar, mg. 
per 100 cc. 
Poe sckens 101.8} 39.0) 81.8} 34.6) 96.6) 30.0) 74.0) 25.6) 69.0) 34.6 
aa 13 0 ood 8} 76.6/208 .2}120 .8|187 .6)104 6/157 .2) 84.4 
2 hrs...........|149.4! § 39.0 67 .6|226 2|157 .2/208 .2|156 .8)/229 0/162 .4 
Bo eenee 107.4] 33, oftis.2 42..0|208..2|128 .6|187 .6|131 .2}205 .6|152.0 
nee 8/208 .2/118 2/172 8/101 .8 
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257 |209 210 


| 30.0) 1110.3 34 .6)203 — 
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Urine sugar, mg. ‘0 |250 257 








Tables II and III present typical results showing the effect of 
glucose on galactose tolerance. When an equal quantity or half 
as much glucose was given with 1 gm. of galactose per kilo, while 
the changes in concentration occurring in the blood were not 
strikingly different from those after galactose alone, yet it is 
apparent that the height of the curve was delayed and depressed. 
Furthermore, with relatively increasing doses, these effects on the 
blood levels became quite marked until there was very little rise 
at all and even this was observable only after several hours. The 
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Experiment No 

Rabbit No 

Date, 1927 

Weight, kg. 

Ingested 
Water, cc 
Galactose, ym 
Glucose, gm 

Time of fasting, Ars 


Blood sugar, mg. | 


per 100 cc. 
Before 

1 hr 

2 hrs... 


Urine sugar, mg. 


Administered Galactose and Glucose on Blood Sugar 
144 119 128 in =| Ss 
39 39 27 lll 42 
M: ay 19 | Apr. 28 | May 5 Apr. 28 May 5 
2.50 2.50 1.80 1.93 | 1.80 
23 35 | 30 37 | 35 
2.50 2.50 2.00 | 193 | 3.80 
| 1.25 2.50 3.00 3.86 | 1.90 
| 48 72 72 72 72 
=a aE aa 
= _— . e- 
| |e] |e] [ey [dl fi 
| : z | é e | : 
le/elgleélglelalelalé 
le /s}e{;s{/éel/sjées/s}eéls 
| | mi | 
| | 
| 96 .6) 30.0) 95.4} 33.0} 90 6) 33 .0/100 4| 34 6 69.0} 31 
1162 4| 44 .0/196.6| 37.6|131.4| 30.0|180.4| 31 6)241 .0| 69 
1195.2) 69.0/223.8) 67.6|175.4| 395/165 0) 34 6/258 .8|104 
/133.8) 44.0/217.4 64 6/144..2| 50.6|141.6| 48. 0/243 6123 
1120.8) 27.0/132.6| 36.0)113 0} 33 .0/115.6) 34 6182.8) 97 
120 (120 {118 {118 {132 72 |435 |434 
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Administered Galactose and Glucose on Blood Sugar. 
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Expe nent No. 175 ) | 125 74 153 
Rabbit No 15 5 39 
Date, 1927 Suet 2 | May 5 May 19 June 2 May 25 
Weight, kg. 1.80 | 1.90 2.72 1.80 2.39 
Ingested. | 
Water, cc 42 48 82 75 86 
Galactose, gm 3.60 4.00 5.44 7.20 7.20 
Glucose, gm 3.60 4.00 8.16 5.40 7.20 
Time of tasting, ive. 48 72 48 48 48 
| = z z z z 3 
| |¢ |= | : | Z Z 
sikieaitivifieci#f#ti«ls 
e/S/s/8/3/;/8 /2/8/3/ 8 
2 } = | =o | &, 2 is 2s | & oi 8 
—_ | § -” - = 2 =“ | - - | 
~7n"5 aos OO San ial be Dam le Hah OG 
Blood sugar, mg. | | 
per 100 cc. | | | | | 
Before | 74 0} 33.0) 93.0) 33 0/113.0) 33 0/101 : 33.0} 81.8) 27 
RES 1170.2} 30.0|235.2} 52.0/213.4] 30.0]251 4] 44.0|167 6 7 
2 hrs... /180.4} 360/266 0| 93.2/182.8| 30.0|236 2! 63.0|159.8) 33 
3 1178 0} 44 0) 209 6/113 O17 2 s| 52 01195 2 71 0) 146 8) 37 
4 159 0} 3 30 .0|171 8} 80 6/187.6| 66.0 263 .¢ 6)101. 8) 71.0} 49 
Urine sugar, mg..| 75 | 74 |487 |440 | 88 | 88 232 |231 | 88 | 88 
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change in the glucose concentration (the difference between the 
total and unfermentable sugar of the blood) was little affected by 
increasing the amount ingested, the curve being quite comparable 
to that obtained with glucose alone, at least in that the peak of 
the curve came at 1 hour, usually followed by a distinct drop in 
2 or 3 hours. Since the greatest value for the unfermentable re- 
duction frequently did not come until the 3rd hour, it must be 
apparent that the total reduction, representing the summation of 
all the reducing substances present, must obviously be quite 


TABLE Iv. 
Effect of Enterally Administered Galactose and Levulose on Blood Sugar. 





















































Experiment No....... 149 150 149 148 151 
Rabbit No........... ill 112 45 110 26 
Date, 1927.. ASI May 19 May 19 May 31 May 19 May 25 
I BD vo ccccccesce 1.93 1.87 1.80 2.26 2.26 
Ingested. 
eS ee 24 34 45 54 67 
Galactose, gm....... 1.93 1.87 1.80 4.52 4.52 
Levulose, gm....... 1.93 3.74 5.40 4.52 6.78 
Time of fasting, Ars.. 48 48 40 48 48 
3 3 3 3 3 
= = e = = 
© 2 2 | 2 
Blood sugar, mg. 
per 100 cc. 
Before.........| 91.8} 27.0} 79.2) 24.0) 69.0) 30.0] 81.8] 24.0) 99.0) 27.0 
1 hr............|146.8)} 66.0)141 .6| 69.0/165.0} 63 .0/167 .6) 99.0/165.0) 99.0 
2 hrs...........|175.4| 71.0)157 .2} 63 .0)182.8) 60.0]/172.8) 89.4/180 .4)115.6 
 scvckencusn 165.0) 58 .0)136.4 36 0)175.4 44 0)167.6| 89.4)182.8) 99.0 
Be eccuad eee 2} 27 .0}123..4) a6 01158 0} 30.0/154.6) 69.0 69.0 
Urine sugar, mg. .|/164 {163 {278 |204 | 0 0 |309 {309 400 401 





unsatisfactory as a criterion of the changes taking place in any of 
the constituents of the total (cf. Corley, 1927, a). Urinary ex- 
cretion seemed related to the galactocemia in that it increased or 
decreased respectively as the latter was higher or lower. The 
results of Experiment 125 were rather anomalous and atypical, 
but have been included for the sake of completeness. 

1 gm. each of galactose and levulose per kilo produced a blood 
curve similar to but probably somewhat lower and flatter than 
that for galactose alone. 2or3 times as much levulose with the 
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galactose had no further effect (Table IV). Increasing the dosage 
of both galactose and levulose slightly increased the height and 
length of the curve for galactose. It is to be noted that the peak 
of the curve for the residual reduction usually occurred before that 
for the total blood sugar, and furthermore that there was no very 
marked change in the fermentable sugar of the blood, an effect 
comparable to the reports of the effect of fructose alone on the 
blood sugar (Bodansky, 1923; Reinhold and Karr, 1927). The 
urinary excretion of unfermenting reducing substances was prob- 
ably somewhat less than with galactose alone. 


TABLE V. 
Effect of Enterally Administered Galactose on Blood Sugar with Later 
Administration of Glucose. 
Rabbit 44, 2.57 kilos; gray male; fasted 48 hrs. 





Blood per 100 ce. 











Urine. | 
Unfer- | 
Date. | Time Unfer- mented | Remarks, 
Total re-| mented | reduc- 
| duction. | reduc- | tion. | 
| tion | 
1987 mg. mg. mg. 
May 27 | Before. | 101.8 27.0 5.14 gm. galactose in 34 
| ec. water at 9.39 a.m. 
27| 10.35a.m.| 213.4 / 104.6 | | 7.70 gm. glucose in 46 
| ec. water at 10.41 a.m. 
27| 11.36 “ | 253.6) 84.4 | 
27| 12.35 p.m.| 253.6 69.0 | 
27} 1.38 “ 178.0| 63.0} 283 | 60 cc. urine. Sugar all 
unfermented. 








There was induced a marked drop in the unfermentable sugar of 
the blood by the administration of 3 gm. of glucose per kilo an 
hour after two-thirds of this amount of galactose had been given, 
at a time when the concentration of the unfermentable reduc- 
tion of the blood might certainly have been expected to continue 
upwards, judging from the experiments with galactose alone 
(Table V). 

No difficulty has been found in isolating mucic acid from the 
urine after the feeding of galactose (cf. Corley, 1927, a; Bodansky, 
1923). 

The total and unfermentable reducing substances of the in- 
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TABLE VI. 


Eff ct of Ente rally Administ re d Galactose and Glucose on Blood Sugar and 


Inte stinal Contents. 








III 














Experiment No 200 201 195 
Rabbit No 39 44 29 
Date, 1927 June 10 June 10 June 8 
Weight, kg. 2.20 2.20 2.00 
Ingested 
Water, cc 39 39 36 
Galactose, gm 2.20 2.20 2.00 
Glucose, gm 4.40 4.40 4.00 
Time of fasting, hrs 120 S4 | 96 
.s | > ig 
Bw | ¢ = 
| Fel of ¢ : 
| < 5 3] s 2] s 
| << 5 > 5 S 5 
} & | 2 e | > | & aa 
Blood sugar, mg. per 100 cc. | 
eres 113.0) 27.0 | 79.2) 30.0 
1 hr 208.2) 30.0*| 187.6 30.0 ' 
2 hrs ihe ara ; | 162.4; 30.0* } 
ania — a = — — ee as ' 
Intestinal sugar, mg _..16444 | 19304/3852 [1880 |2600 [1035 : 
* Killed. ; 
+ Killed immediately. t 
re 
TABLE VII. 
Effect of Enterally Administered Galactose and Levulose on Blood Sugar 
and Intestinal Contents. 
Experiment No 196 203 
Rabbit No 26 6 
Date, 1927 June 8 June 10 ‘ 
Weight, & 1.90 | 1.70 
Ingested | 
Water, « 33 | 30 
Galactose, gm 1.90 1.70 
Levulose, gm 3.80 | 3.40 
Time of fasting, Ar 96 72 

Tt. Unfer- | -m,4, | Unfer- 

Total. uceamedl Total. | mented 
neiaiasenenennmaniaien eadiaiian | : |———— 
Blood sugar, mg. per 100 cc. | 

Pefore 101.8} 20.0 | 120.8] 27.0 

1 hr 165.0} 60.0 | 123.4 49.0 

2 hrs 141.6 47 .0* 133.8 | 44 .0* 
Intestinal sugar, mg 1500 7 1812 | 1035 


* Killed. 
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testinal contents could account for all the glucose and galactose 
immediately after ingestion, for the galactose an hour later, but 
could not account for the glucose an hour, nor for the glucose and 
galactose 2 hours after administration (Table VI). In the latter 
case, there was no increase in ‘the residual reduction of the blood 
as evidence that absorption of galactose had occurred. 2 hours 
after feeding mixtures of levulose and galactose the reducing sub- 
stances in the intestinal contents could not account for the sugars 
administered and there were increases in the unfermentable sugar 


of the blood (Table VII). 


DISCUSSION. 


Cori (1925) has studied the rate of absorption of each of a 
number of the more common monosaccharides from strong solu- 
tions in the alimentary tract and has found that the rate is a func- 
tion chiefly of the time, since the plotting of the amount absorbed 
against the time gave a straight line. He has found that this 
relationship obtained even though 60 or 70 or even as much as 90 
per cent of the sugar had left the intestine. The results here 
obtained may be considered as in accord in that the unfermentable 
reduction of the blood reached comparable values at the end of an 
hour with 1, 2, and 3 gm. of galactose per kilo of body weight, and 
furthermore that the galactocemia was not increased by raising 
the dosage of galactose from 2 to 3 gm. per kilo. 

The simultaneous ingestion of glucose with galactose exerted a 
marked effect upon the utilization of the latter, at least in so far 
as the concentration in the blood might be considered as evidence. 
The explanation of this relationship may lie in an actual metabolic 
influence, merely in an absorptive effect, or of course in a combina- 
tion of the two. For the comparison it is of value to review the 
results obtained with xylose (Corley, 1928), a pentose sugar, 
and one between which and glucose no metabolic relationship has 
been shown. The tolerance tests for xylose, for xylose and glu- 
cose, and for xylose and levulose have been quite comparable to 
the analogous ones with galactose. However, although glucose 
prevented a marked rise such as occurred when xylose was given 
alone or when given with fructose, there was a gradual rise in the 


unfermentable reduction of the blood. In contradistinction to 
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the findings with galactose, the low values for residual reduction 
were accompanied by a considerable urinary excretion of unfer- 
menting sugars, 3 or 4 times as much as for galactose. 

Almost unquestionably the effect of glucose on galactose toler- 
ance may be attributed in large measure to absorptive interrela- 
tionships. It is not felt, however, that the results here presented 
warrant the conclusion that there is no more intimate metabolic 
relationship between these two hexoses. Simultaneously admin- 
istered glucose has not been found to affect the rate of disposal of 
intravenously injected galactose, to an extent beyond that attribu- 
table to an increased rate of excretion (Corley, 1927, b). If glucose 
does have an effect on the disposal of galactose, it must be depend- 
ent upon some factor or factors brought into play in intestinal 
absorption. 

That absorption of galactose might occur without any marked 
change in the unfermentable sugar of the blood, is probably evi- 
denced by the fact that the analysis of the intestinal contents 
could not account for galactose that had been administered (Table 
IV). Thus 2 hours after the ingestion of galactose and glucose 
together (Experiment 195), although there was no increase in the 
unfermentable reduction of the blood, and no qualitative test for 
reducing substances in the small amount of urine (5 cc.), the un- 
fermentable reduction in the intestinal contents was but about 65 
per cent of that of the galactose administered. While another 
similar experiment (Experiment 201), did not correspond, it is 
felt that the analysis of the intestinal contents as carried out gave 
better evidence of the existence than of the absence of absorption, 
since the possible presence of not inconsiderable quantities of un- 
fermentable reducing substances might have more than balanced 
any absorption that might have occurred. It is felt to be rather 
improbable that bacterial action appreciably destroyed galactose 
in several hours. Cori (1925) has found that in the rat the de- 
struction of galactose and the other sugars studied was negligible 
when the excised intestine was incubated for a number of hours 
at body temperature. 

There has been observed no effect of levulose on galactose toler- 
ance that may be taken to point to a definite metabolic relation- 
ship between these two hexoses. The results corresponding to 
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those obtained with xylose lend themselves rather readily to an 
explanation on the basis of absorptive effects. It is to be observed, 
however, that the fermentable sugar of the blood containing the 
fructose did not show any striking increases, the lack of effect 
being most marked with larger quantities of this sugar. It 
must not be forgotten, however, that there was no criterion of the 
amount of levulose in the blood, since it might have been balanced 
by a decrease in the glucose. 


SUMMARY, 


1. With doses of galactose of less than 2 gm. per kilo of body 
weight, the height of the curve for the unfermentable reduction of 
the blood, and the amount of unfermentable reducing substances 
in the urine, tended to vary with the dose. Further increases in 
the amount administered resulted in no additional effects on the 
blood sugar levels. The time of fasting was not found to have 
any significant effect on the results obtained. 

2. The simultaneous administration of glucose with galactose 
was accompanied by a delayed and depressed height of the curve 
for the unfermentable reduction of the blood, the effect becoming 
more marked with relatively increasing doses of glucose. In 
general, as the curve became lower and flatter, the urinary excre- 
tion correspondingly decreased. 

3. The analysis of the intestinal contents would suggest that, 
in the presence of simultaneously ingested glucose, removal of 
galactose from the intestine may occur without an apparent rise 
of the unfermentable reduction of the blood. 

4. The simultaneous ingestion of levulose decreased the height 
of the curve for the unfermenting reduction of the blood. The 
urinary excretion was not markedly affected. 

5. A subsequent dose of glucose reduced the height of the un- 
fermentable reduction of the blood, after the ingestion of galactose. 

6. In general, it is felt that the effect of glucose on the tolerance 
for galactose may be attributed in large measure to absorptive 
interrelationships, but there is considerable hesitation about 
concluding that there is no more intimate metabolic relationship 
between these two hexoses. 
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THE DIGESTIBILITY OF THE PROTEINS OF SOME 
COTTONSEED PRODUCTS.* 


By WILLIS D. GALLUP. 
From the Department of Agricultural Chemistry Research, Oklahoma Experi- 
ment Station, Oklahoma Agricultural and Mechanical 
College, Stiliwater.) 


(Received for publication, October 19, 1927.) 


The coefficient of digestibility for the proteins of cottonseed 
meal has been reported by several investigators with values which 
lie between 67 and 100. A lack of agreement between the different 
values reported has been due to the different methods employed in 
determining the digestibility of protein and to the use of cotton- 
seed products other than cottonseed meal which is itself quite 
variable in composition and food value. Nutritive studies on 
cottonseed proteins have been summarized elsewhere (1) and 
mention of a few is made here for illustration. 


Fraps (2) fed cottonseed meal to steers and reported a value of 88.4 for 
the coefficient of digestibility of the protein. Mendel and Fine (3), using 
dogs as experimental animals, obtained a value between 67 and 75 for the 
proteins of cottonseed flour. Rather (4), using men as subjects, obtained 
an average value of 78 for the proteins of cottonseed meal and of cottonseed 
meal flour. Nevens (1), who employed rats as experimental animals, made 
use of a special form of metabolism cage which allowed for increased ac- 
curacy in metabolism studies and obtained a value of 61 for the proteins of 
cottonseed meal which, when corrected for the metabolic nitrogen of the 
feces, was 74. 


It was not until quite recently (1, 5) that any consideration was 
given to the effect that gossypol, a toxic substance isolated from 
cotton seeds, might have upon the digestibility of the proteins of 
cottonseed products, and it was for the purpose of determining 
this that Jones and Waterman (6) investigated the effect of 


* Published with the permission of the Director of the Oklahoma Agricul- 
tural Experiment Station. The author’s thanks are due to Dr. V. G. Heller 
for his helpful advice and support throughout this work. 
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gossypol upon the peptic-tryptic digestion of proteins in vitro. As 
a result of their study, these investigators, who employed cotton- 
seed globulin from cottonseed meal and purified casein, to each of 
which 1 per cent of gossypol was added, explain the incomplete 
digestion of cottonseed meal proteins as being due to an inhibitive 
effect of gossypol. Under the experimental conditions employed, 
the gossypol lowered the digestibility of both protein preparations 
nearly 10 per cent. However, cottonseed meal contains only 
small traces of free gossypol as it is found in the cotton seed with 
extremely toxic properties, but contains considerable amounts of 
a less soluble form, probably a decomposition product, called 
d-gossypol which, as it occurs in the meal, manifests only slightly 
toxic properties for many animals. The physiological effects of 
the two compounds as revealed by feeding experiments with 
cottonseed products are similar, although much less pronounced 
in the case of the d-gossypol. The decrease in toxicity and change 
which gossypol undergoes from a soluble form in the seeds to a 
less soluble form in the meal, is brought about by the heating of 
the seeds in the production of cottonseed oil. In view of these 
facts, it became desirable to determine the digestibility of the 
cottonseed proteins as they occur in the meal in the presence of a 
known amount of d-gossypol, and also as they occur in the seeds in 
the presence of known amounts of gossypol, as well as in the 
absence of this toxic constituent. Furthermore, the determina- 
tion of this same value for the proteins of both cottonseed meal 
and cotton seeds which had been detoxicated by a process of steam 
cooking as described in previous papers (7-9) was desired. 

Accordingly, digestion experiments were carried out with both 
our cooked cottonseed meal and the meal as bought on the market; 
with cotton seeds which had been freed of gossypol by extraction 
with ether; with the same product to which a known amount of 
gossypol was added in the form of the ether extract of the seeds; 
and lastly, with cotton seeds rendered non-toxic by autoclaving. 
Albino rats were used as experimental animals. 


EXPERIMENTAL. 


The cooked cottonseed meal was prepared by autoclaving the 
damp meal at 20 pounds steam pressure for 1 hour. The original 
meal was bought as a high grade product containing 42 per cent 
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As protein (N X 6.25), 0.92 per cent d-gossypol, and faint traces of 
n- gossypol. It proved to be toxic for rats when fed to the extent 
of of 45 per cent of their diet over a long feeding period, whereas the 
te cooked meal in similar amounts showed no toxic properties al- 
ve though it still contained 0.40 per cent d-gossypol. The cotton 
d, seeds were obtained from a fresh lot of Oklahoma 44 variety con- 
ns taining 29.01 per cent protein (N X 6.25), 0.42 per cent gossypol, 
ly and no d-gossypol. It was planned to add the above cottonseed 
th products to rations in such amounts as to produce both high and 
of iow protein diets. When the raw cotton seeds were incorporated 


in a ration in sufficient amounts to bring the protein of the ration 


ed Fy 
ly ; up to 10 per cent or even 5 per cent with the addition of 5 per cent 
of casein, the animals quickly lost weight and ate little of the feed. 
th iy Previous experimentation has shown cotton seeds in such amounts 
ed § in a diet to be extremely toxic for the animals. In order to employ 
ge a ration in which the protein was derived solely from the cotton 
a ' seeds and which would allow normal growth of the animals, it 
of became necessary first to remove the gossypol by extraction with 
se \ ether and replace the oil so removed with refined cottonseed oil. 
he i The addition of a known amount of gossypol to the ration was 
a H accomplished by taking an aliquot portion of the ether extract 
in ; of the raw seeds. No such procedure as this was necessary when 
he ' feeding the cottonseed meal. 


a- i The cooked seeds were prepared by first soaking them in water 


al F for 4 hours and then autoclaving at 20 pounds pressure for 1 hour. 
m } This product contained 0.22 per cent d-gossypol and showed no 
t toxic properties when fed to rats over long periods. 
th ; The above cottonseed products were employed in the rations 
t ; shown in Table I. 
on The adequacy of the cottonseed proteins cannot be doubted in 
of view of previous investigations by Osborne and Mendel (10) in 
s; which as little as 6 per cent protein as cottonseed flour in a ration 
g. was shown to be capable of supporting considerable growth in 
animals. Vitamin B was supplied in the form of a water extract 
of dried brewers’ yeast although both the seeds and meal contain 
this vitamin and possibly its addition for such short feeding periods 
ne might have been dispensed with. The salt mixture was McCol- 
al lum’s No. 185! exclusive of the ferric citrate. The addition of 2.2 


1McCollum, E. V., and Simmonds, N., J. Biol. Chem., 1918, xxxiii, 63. 
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per cent ether extract of raw seeds (Rations 69 and 72) represented 
the same amount of gossypol as would be present if added as raw 
cotton seeds with the latter making up 10 per cent of the ration. 
Rats are able to make normal growth for some time on a ration 
containing 10 per cent cotton seeds but quickly decline if this 
amount is increased. 

The experimental animals which were young, healthy albino 
rats weighing about 100 gm. were kept on screens of such mesh as 
to allow the feces to drop through to a second cone-shaped screen 
of smaller mesh. The feces were always of such consistency that 
they collected at the lowest point of the second screen which was 


TABLE I. 
Rations Containing ( ‘ottonseed Products. 








Ration No. 
Constituent. _ —— ——s —— 






































| co | o1 | 62 | 63 | 68 | 69 | 70 | 71 | 72 | 73 
- | Recad) Mall mee eee =e 
Cottonseed meal............/25 | 45 | 
” ‘* autoclaved.| 25 \45 
Cotton seeds, autoclaved.. | | 40 66.4 
- ” extracted. 31 .2)31 .2 51 .8/51.8 
Extract of cotton seeds.... | | | 2.2 32.2 
Refined cottonseed oil..... | 8.8] 6.6) 14. 6)12.4 
PR aot caec pers . 68.1 bs es 1/48 .1/53.1)53.1 53 .1|26 .7/26 .7|26.7 
RGR | 3.7| 3.7| 3.7 3.7] 3.7] 3.7] 3.7) 3.7] 3.7] 3.7 
SNP Os pcesever scans 13 | : 13 |3 |3 }3 |3 /3 /3 /3 
DL cubiakexcnieeeinwuied | 0.2) 0.2] 0.2) 0.2) 0.2) 0.2) 0.2) 0.2) 0.2) 0.2 





directly beneath the permanently fixed feed container. This 
arrangement prevented contamination of the feces with the urine 
as the latter passed through the two screens. When collections of 
urine are desired, such a cage may be placed over a large funnel. 
To prevent the scattering of feed, special glass feed jars were used 
having a small opening in the top with a coarse screen cylinder 
extending about half way to the bottom of the jar. Four animals 
were kept in each cage. 

The feeding period for each determination was 5 or 6 days in 
length, the feces being collected during the last 2 or 3 days and at 
the end of one feeding period either the rations were reversed and 
a second trial completed, or a new group of animals was introduced. 

For calculation of the coefficient of digestibility of the proteins, 
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TABLE II. 


with Cottonseed Products. 











|| : 
abae 
P/2]: 
& |e | A 

| lay 
1/60] 5 
2/60! 5 
3 | 60 | 6 
4}61| 5 
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12 |68| 6 
13 | 69| 6 
14/69| 6 
15/70] 5 
16170] 5 
. = 
17 71 0 
19 | 72] 5 
2 | 72] 7 
ma iwi? 
2 173| 5 











| 


| No. of animals. 


ee 


es 


oe 





aver- 


weight . 


mS 
| 
| 





oS t 





98 


98 | 





ight, average. 


| Final we 





97 


, 


100 
| 103 


| 107 


105 | 


] 



























































| | Digestibility 
| <n | | coefficient, 
| 3 oo ae -i al | - 
| «2 = © om > - oa. 2. FS 
| 3 SERRSEACAEEE 
= - &- = = | s | & 
| 2i1z/fleleigis|e 
[sie ele le] else 
heal hens | ym. | cent | cent | cent | 
rar. 4 10.77|23.80/0.757} [59.2 
| 2 | 10 a 31/0 .698) 
3 | 88 |12.97|10.25/21 .93|0.833/68.5 |64.0 
| 
2 | 10 .31)25 60 49.8 
| 2 }10.31/25.68) | 514 
| 3 | 58 | 9.87] 9.84/28. pio. 785/51 .6 e 3 
2 | l18.60\22.81|0.568| —_jeg.8 
2 |18.60/22.20/0.625] [73.3 
2 17 .42)28 .94)0 .625| s 62.8 
2 17 +i 12/0 .688| '66 6.0 ° 
| | | | 
| | 
| 3 | 115 21 6s| 9.66/12 .50|0 .690|75.6 [73.8 
3 | 78 |14.85) 9 66/11 .00\0. 600/78. 3 |73.5 
| 
S | 126 |20.0 | 9 ee 652/781 170.5 
3 | 75 (14 40) 9.52/12.06)0.610|75.6 (71.0 
| 
| | | | 
2 | 56 |11.36/10.56|16.99/0.540|67.3 [58.3 
| 2 | 53 |10.98]10.56/17 340 .638/66.0 |64.0 
2 64 \19 sale 87/10 23/0 .476)81 .7 | 2 
| 2 | 59 |18.92/16.87| 9.68]0.405/81 .6 {80.2 
| | 
; | | | 
| 2 | 50 16.40|17.80!11 .os\0 solo 5 fr 2 
| 2 | 56 |17.68/17.80/10.060.312)82.3 [74.7 
| | | 
2 55 |16.80|17 .72/14.92/0 .379|74.2 |68.9 
2 | 54 |16.01/17.72/15.1510.337|74.6 |64.5 





* This figure not included in the average results shown in Table III. 
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the recent method described by Bergeim (11) was employed, in 
which 0.2 per cent Fe.O; is added to the ration under investigation. 
The ratio of protein to iron in the diet and in the feces is determined 
and the decrease of protein calculated. The usual method of 
determining the digestibility of proteins by measuring the amount 
of protein consumed and the amount excreted in the feces over a 
given time, was used for the purpose of comparison with the 
newer method and as a further check on the accuracy of the 
determinations. The data obtained in these experiments are 
presented in Table II. Obviously, neither of these two methods 
measures the absolute utilization of the proteins since a determina- 
tion is not made of the metabolic nitrogen of the feces nor account 
taken of the elimination of nitrogen through the urine. The term 
digestibility is used here in the same sense as it has been employed 
in standard text-books for computing the digestible nutrients in 
a ration and should be considered the apparent rather than the 
real digestibility. The apparent digestibility has been used so 
extensively for the basis of comparison that it suited the purpose 
of this investigation very well. 

In order to determine whether the form of iron used in these 
diets would have any antidotal effect which might delay or over- 
come the effects of gossypol, preliminary feeding trials were carried 
out with animals receiving varying quantities of FeO; in combina- 
tion with raw cotton seeds. All of the animals subsisting on 
rations containing raw cotton seeds in amounts which varied from 
10 to 20 per cent of the ration grew very slowly or lost weight, and 
there was no marked variation between the growth rates of the 
animals receiving the various quantities of FeO; in such rations 
and those receiving no iron. However, when a soluble iron salt 
such as ferric citrate was introduced in the ration in place of the 
slightly soluble Fe,03, the growth rates as well as the span of life 
of the animals were noticeably increased. Similar results have 
been reported by Withers and Carruth (12) with the use of cop- 
peras as an antidote to cottonseed meal injury. 


DISCUSSION. 


A summary of the data presented in Table II is shown in Table 
III to facilitate the comparison of results obtained with the use of 
the different cottonseed products. 
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in From an inspection of the data in Table III, it becomes evident 
on. at once that the apparent digestibility of the protein is dependent 
1ed upon the amount of protein in the diet and is increased as the pro- 
of tein in the diet is increased. These results are in harmony with 
int the findings of Mitchell (13), although as pointed out by this in- 
ra vestigator the per cent utilization of the protein is in reality 
the decreased under these conditions. It is necessary, therefore, to 
the consider the protein content of the diet before making conclusive 
are statements as to the digestibility of that particular protein. 
ods 
om ; TABLE III. 
nt Digestibility of Proteins of Cottonseed Products. 

Tm - | Average digestibility. 
ed |= Bion | (Protein Nature of feed, =" =r 

in | method, | method, 

’ te 
he 60 Low. | Cottonseed meal. | (1)* 68.5} (3) 61.2 
so 62 | High. « “ (2) 71.5 
; | 

; 61 Low. Autoclaved cottonseed meal. (1) 51.7] (3) 50.2 

63 | High. « “ “ (2) 64.4 
ose 
oe 68 | Low. | Extracted cotton seeds. (2) 76.9) (2) 73.6 
ied 71 High. - “ (2) 81.7] (2) 81.2 
1a- 
on 69 Low. | Extracted cotton seedsand gossypol.} (2) 76.9) (2) 70.7 

72 High. - - ae - (2) 80.9) (2) 75.4 
ym 
nd ‘ 70 Low. | Autoclaved cotton seeds. (2) 66.7) (1) 64 
he 73 High. ” ™ - (2) 74.4] (2) 66.7 
- * The figures in parentheses represent the number of digestion trials. 
1 From an economical standpoint, the results obtained with the 
higher protein diets are of more importance since it is a common 
sg practice among stock feeders to use the meal in combination with 
P- a roughage in such amounts as to produce a ration containing 
protein in amounts above that required for maintenance and 
growth. ; 

} Another consideration brought out in Table III is the slightly 
le lower figures obtained by use of the newer iron method. This 
of variation cannot be accounted for at this time other than to attrib- 

ute it to a loss of iron as the latter passes through the digestive 














50 Cottonseed Digestibility 


tract. As it was not our purpose to make a critical study of the 
two methods, this discrepancy was not investigated although it 
was noted that with the exception of Ration 73, in those instances 
in which the ration under investigation contained gossypol the 
widest variations occurred between the two methods. 

For the colorimetric determination of iron in the feces the pro- 
cedure outlined by Bergeim (11) was followed, in which 0.5gm. of 
the feces is ignited and the last traces of carbon destroyed with a 
few drops of HNO;. The ash is taken up with dilute HCl and the 
characteristic red color developed in an aliquot portion with 
KCNS. Since it appeared possible that the lower figures men- 
tioned above might have resulted from an incomplete recovery 
of iron as Fe’” from the feces, the following test was made. 

Samples of feces were ignited in an electric furnace in the usual 
manner and HNO; added to some of them to destroy any remain- 
ing carbon. The others were not treated with any oxidizing 
agent at this time and some were removed before the ignition was 
entirely completed. These latter ones and some of the former 
after dissolving in HCl were treated with KMnQ, to make sure 
that all of the iron was in the ferric condition in the final solution. 
The color was developed in aliquot portions of each and compari- 
sons made in the colorimeter. The results obtained with 0.5 gm. 
samples of feces are shown below. 





Treatment. Mg. iron found. 











a 1.875 | 1.875 | 1.967 | 1.873 

- oS eee ...-| 1.967 | 2.000 | 1.935 | 1 .967 

- + KMn0, in acid solution...,....} 1.765 | 1.818 | 1.622 | 1.630 
Incomplete ignition + KMnQ, in acid 

CE cinidiatineaiashonsmentsraneases 1.926 | 1.818 | 1.818 | 1.791 





The above results are taken as attesting to the accuracy of the 
determinations as regards the complete oxidation of the iron. 

The most important results revealed by this study are the effects 
of gossypol and autoclaving as a means of its destruction on the 
digestibility of the protein. A comparison of the figures obtained 
with Rations 60 and 68 with those obtained with Rations 61 and 
70 plainly shows the decrease in digestibility of the protein as a 
result of the autoclaving process. These results are in accordance 
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with a current opinion as regards the effects of cooking although 
whether or not such treatment will increase or decrease the diges- 
tibility of a protein will depend upon the protein under investiga- 
tion as well as the manner in which the material is cooked. For 
instance, Osborne and Mendel (14) in studying the nutritive value 
of soy beans found the proteins to be utilized more completely if 
the ground beans were cooked in water previous to feeding. Dry 
heating the beans had little effect. These investigators attribute 
this increased utilization to the increased food intake since cooking 
gives the meal an agreeable flavor. They also suggest that in 
this particular case the method of cooking tended to get the meal 
in a more finely divided condition and thus rendered the protein 
more accessible to the action of the digestive juices. In other 
studies on the use of cottonseed as a food (15) these investigators 
observed that, when the kernels (seeds with hulls removed) were 
steamed for long periods of time, they were less satisfactory for 
food than were those steamed for shorter periods. With respect 
to the destruction of gossypol by such heating they state that, 
“Until the effects of heating cottonseed have been more fully 
studied, conclusive statements on this feature cannot be made.” 
They further point out that, “It is not inconceivable that undue 
heating may render the meal unpalatable or otherwise unsuitable 
for nutrition, in addition to destroying the original deleterious 
substance.” 

From a comparison of the digestibility figures obtained with the 
use of Rations 60, 62, 68, and 71, it is apparent that the proteins 
are less digestible as they occur in the meal than as originally 
found in the seeds with the gossypol removed. In the former 
case there was present a small amount of d-gossypol resulting from 
the preparation of the meal and this amount very likely had some 
retarding action on the digestive juices. In order to determine 
whether this decrease in digestibility was due to the effects of 
heating the seeds in the preparation of the meal, or to the presence 
of gossypol compounds, it would be necessary to remove the 
gossypol from both materials as was accomplished with the seeds. 
Since this could not be accomplished with the aid of suitable sol- 
vents, only indirect evidence could be obtained to show that heat 
was the more important factor responsible for this decrease in 
digestibility. Such evidence is presented above. 
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The addition of a small amount of gossypol to rations made up 
of extracted cotton seeds (Rations 69 and 72) had little effect upon 
the digestibility of the proteins. The amount of gossypol added 
was not sufficient to interfere with the growth of the animals 
during the experimental period, but when such feeding was con- 
tinued over a longer period of time, they began to succumb to the 
effects of the gossypol. When the original seeds were employed 
to make up 25 per cent of a ration and thereby furnish half of the 
protein in the ration with the other half being supplied by casein, 
no results could be obtained as the animals ate but little and lost 
weight. Under these conditions the ratio of gossypol to protein 
was even less than was employed in studies by Jones and Water- 
man (6) who give convincing evidence of the decreased digestibility 
of protein in the presence of 1 per cent gossypol. At no time in 
previous investigations with gossypol have we been able to obtain 
anything but immediately fatal results when the ration contained 
gossypol in amounts equivalent to 1 per cent of the protein. With 
the less soluble form of gossypol as found in the meal, the results 
have been quite different and animals have been raised on cotton- 
seed meal rations containing 0.41 per cent d-gossypol (equivalent 
to 2 per cent of the protein in the ration) for several months before 
any toxic symptoms were noticeable. In view of this the effect 
of gossypol on the digestibility of protein assumes less importance 
in the present use of cottonseed meal as a feed. 

The relatively low digestibility of the proteins of cottonseed meal 
is due in part at least to the effects of heat, since in every instance 
in which the cottonseed product was autoclaved the digestibility 
of the protein was lowered. However, this fact should not be 
confused with the benefits derived from such cooking. Cotton 
seeds are themselves unsuitable as a food for most animals. After 
cooking and pressing out the greater portion of the oil they become 
highly nutritious although they still contain some gossypol which 
prohibits the use of such meal in large quantities for certain 
animals. That recooking this meal as a means of completely 
destroying its toxic constituents is desirable in face of the lower 
digestibility of the protein has been demonstrated many times 
and does not require further comment. The full value of the seeds 
as a food can be realized only after removal or destruction of the 
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gossypol in a manner which does not lower the nutritive value of 
the other ingredients. 


SUMMARY. 


The apparent digestibility of the proteins of cotton seeds and 
cottonseed meal is reported. The digestion experiments were 
made with albino rats by using the usual procedure for determining 
the digestibility of protein as well as the modified procedure as 
suggested by Bergeim. Slightly lower results were obtained by the 
latter method. 

The proteins of the meal were found to be somewhat less diges- 
tible than those of the seeds, and this is accounted for as being due 
to the effects of the cooking processes used in the preparation of 
commercial meal. Both the seeds and the meal showed a lower 
digestibility after autoclaving. 

The presence of gossypol in such small amounts that it did not 
interfere with the growth of the animals during a short feeding 
period, did not appreciably lower the digestibility of the protein. 
Increased amounts of gossypol proved fatal. 
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THE EFFECT OF MUSCULAR WORK UPON THE ENDOG- 
ENOUS CATABOLISM OF THE TISSUES. 


By H. H. MITCHELL anv J. H. KRUGER. 


(From the Division of Animal Nutrition, Department of Animal Husbandry, 
University of Illinois, Urbana.) 


(Received for publication, October 8, 1927.) 


Since the days of Liebig, the relation of muscular contraction to protein 
metabolism has been shown to be of less and less importance. The classic 
experiments of Fick and Wislicenus, which have been abundantly confirmed, 
showed that muscular work could be performed at the expense of carbo- 
hydrates and fats, while the trend of modern investigation into the chem- 
ical and calorimetric phases of muscular contraction (1) is toward the view 
that carbohydrate is the immediate source of muscular energy. The en- 
tire series of events occurring during and subsequent to a muscular con- 
traction can be described, apparently, without reference to protein, amino 
acids, or the nitrogenous extractives, with the exception of creatine, which 
apparently is not destroyed in the process (2). Furthermore, the so called 
fatigue products of muscles, in so far as available information indicates, 
are neither nitrogenous in character nor related to protein metabolism (3). 
It is true that investigations are on record indicating changes in the content 
of purines (4) and of creatine (5) in muscle as the result of activity, but the 
relation of these changes to the activity itself is obscure. The relation is 
probably indirect, and the function of the non-protein nitrogenous constit- 
uents of muscle relative to contraction is quite possibly regulatory only. 
Functioning in this way it is conceivable that they may not be consumable 
during muscular activity. 

To many investigators it has seemed almost axiomatic that muscle tissue 
must undergo disintegration as the result of contractile activity. And 
when experimental investigation has failed to indicate any such disintegra- 
tion, or at least any considerable disintegration, it has been considered 
necessary to assume that most of the nitrogen thus degraded escapes ex- 
cretion in the urine by some process of reutilization in the tissues (6), a 
hypothesis apparently beyond the scope of experimental inquiry. 

It seems that this view of the necessary wastage of muscle tissue during 
activity has resulted from the analogy so often drawn between the me- 
chanical motor and the animal motor. In the early history of physiology 
this analogy has served an admirable purpose, and in pedagogy it is still 
extremely useful. But, like many other analogies, it is only partially true, 
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and if pushed too far it will confuse rather than enlighten. It seems appar- 
ent that one phase of motor activity to which the analogy has an extremely 
doubtful application, if it applies at all, is the wearability of the motor. 
The mechanical motor undoubtedly wears out at a rate that bears a close 
relation to the amount and the intensity of the work performed. But this 
wearing out is due mainly to the friction of moving parts on bearings; that 
is, to a factor that has no known counterpart, at least, in the animal body. 
Nevertheless, the opinion prevails in many quarters and is frequently ex- 
pressed in print, that the animal motor also must wear out, and since the 
substance of the animal motor is largely protein, the conclusion has seemed 
reasonable, if not inevitable, that the protein catabolism must be increased 
as the result of muscular work. Rubner’s term for the maintenance re- 
quirement of protein, the ‘‘wear-and-tear quota,’’ obviously is based upon 
this analogy of the mechanical motor and obviously implies that the catab- 
olism of tissue protein will increase with increased motor activity. The 
term is an unfortunate one, particularly since it has attained a wide 
currency. 

Since as early as 1855, the influence of- work on protein metabolism has 
been a favorite subject of inquiry and a considerable number of experi- 
ments have been reported in the literature. However, the results secured 
have been variable and at the present writing opinion is divided as to 
whether work increases the catabolism of tissue proteins or is without ap- 
preciable effect. From time to time these experiments have been reviewed, 
but it appears to be difficult to reconcile them with any definite conclusion. 
In 1909 they were reviewed by Tigerstedt (7), who was not convinced that 
there is an increase of nitrogen metabolism resulting from muscular work. 
On the other hand, they were reviewed by Magnus-Levy (8) at about the 
same time (1907) and the conclusion was reached that it is probable that 
such aneffect occurs. In 1917 Lusk (9) concluded from a study of the same 
literature not only that ‘‘muscular work does not increase protein metab- 
olism,’’ but also that ‘“‘the character of the protein metabolism is un- 
changed by muscular activity.’”’ However, in 1925 Cathcart (10) again 
reviewed the literature, which, in conjunction with recent experiments of his 
own, induced him to state that, in spite of this very definite conclusion of 
Lusk, ‘‘the accumulated evidence seems to me to point in no unmistakable 
fashion to the opposite conclusion, that muscle activity does increase, 
if often only in small degree, the metabolism of protein,’’ although ‘‘there 
is no possible ground for the view that protein is the source of muscle 
energy.’’ But the former statement may be more nearly true than Cath- 
cart himself suspects. 

It would be far beyond the scope of this paper to inquire into the many 
reasons why critics weigh essentially the same evidence with such dis- 
cordant results. It appears to be due in part to different criteria as to 
what constitutes competent experimental evidence. Thus, Atwater and 
Sherman (11) insist that the diet during the working period should be in- 
creased in its energy content to allow for the increased energy requirement; 
otherwise, an increase in the protein catabolism may mean simply that 
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tissue protein is being destroyed as a source of muscular energy, rather 
than as the result of an inevitable wear on the muscular tissues. Cathcart, 
however, is not so discriminating, and does not disregard or even discount 
experiments in which no such assurance is given. Again, the results of 
some experiments are considered in toto by some, and only in part by others. 
Shaffer’s (12) well known experiment offers a case in point. Considering 
the average urinary excretions of rest and work periods, Shaffer and Lusk 
both conclude that work has had no effect on the nitrogenous metabolism. 
Cathcart, however, notes a marked increase in urinary nitrogen on the 
4th work day and, without reference to the rest periods at all, concludes 
that this is a result of the work performed. Cathcart’s recent experiments 
(13), although very carefully controlled and undivided in their obvious in- 
terpretation, seem no more convincing than the much earlier experiments 
of Wait (14) at the University of Tennessee, which yielded entirely negative 
results. These experiments of Wait are not considered in Cathcart’s 
review. 

The maze of conflicting experimental results relative to the effect of work 
on protein metabolism suggests that'a precise definition of the real problem, 
followed by a consideration of the proper experimental conditions to im- 
pose, might be of value in deciding as to which of the recorded experiments 
are capable of the most exact interpretation. Since there is now no ques- 
tion of the availability of protein as a source of energy for muscular work, 
the real problem becomes that of determining whether or not there is an 
ir-vitable disintegration of muscle protein (or other nitrogenous com- 
pounds) as a result of muscular activity. 

This definition of the problem imposes certain necessary conditions 
upon any experimental method of attack. In the first place, there should 
be an adequate intake of energy during the working periods; otherwise an 
increase in urinary nitrogen may mean a destruction of tissue protein 
merely to serve the unnecessary rdéle of a source of energy. If no evidence 
is obtained of an increase in tissue destruction as the result of work, this 
in itself would seem to be satisfactory evidence that the energy intake was 
adequate. On the contrary, if the experimental results indicate an in- 
creased destruction of tissue, the investigator himself must assume the 
burden of the proof that the energy intake was adequate, and hence that the 
increased tissue catabolism is an inevitable consequence of muscular activ- 
ity. Thus, the significance of negative results in the investigation of this 
problem would seem to be much more easily established than the signifi- 
cance of positive results. 

The only known method of investigating the extent of the destruction of 
tissue protein under any experimental conditions is to determine the nitro- 
gen content of the urine on a nitrogen-free diet of adequate energy value, 
and even under these conditions the contribution of the non-protein nitrog- 
enous constituents to the urinary nitrogen cannot be determined. It 
would seem to be impossible, therefore, to rule out the réle of the latter 
constituents in the phenomena under investigation. However, it is equally 
clear that if protein is included in the experimental diet, at least in quanti- 
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ties above the absolute minimum required to replace endogenous losses of 
nitrogen, the significance of the urinary nitrogen is difficult if not impos- 
sible to establish definitely. Under such conditions the urine contains the 
products of an exogenous protein metabolism, the intensity of which for a 
given protein intake will vary with the intensity of the prevailing anabolic 
processes and with the extent to which the protein is utilized in anabolism. 
Hence, even though the protein intake is kept constant in rest and work 
periods, the output of urinary nitrogen might be affected if muscular activ- 
ity alters either the intensity of the anabolic processes or the extent to which 
the dietary protein is utilized in anabolism. It is not inconceivable that an 
increase in muscular activity may do both, and hence a slight increase in 
the day’s urinary nitrogen in work as compared with rest periods may bear 
no relation to the intensity of the minimum endogenous metabolism. 

On the other hand, if the energy intake is adequate, an increased catab- 
olism of muscle due to increased activity may be entirely obscured if the 
protein intake exceeds the requirements, since dietary amino acids may be 
diverted from catabolic to anabolic processes with no effect on the output 
of urinary nitrogen. 

Returning now to past experiments on the effect of work on protein 
metabolism, as reviewed for example by Cathcart, the increases in the ex- 
cretion of urinary nitrogen as a result of work, so frequently noted, are in 
most cases not accompanied by a demonstration that the intake of energy 
was adequate; in fact, in a considerable number of cases a suspicion that 
the contrary was true is almost inevitable. Furthermore, in the large 
majority of experiments, the protein intake was much above the minimum 
requirement, and in some cases was excessive. The precise interpretation 
of the positive results obtained with such diets seems impossible. They 
may have resulted from a depression of the anabolic processes involving 
dietary protein, or from a depression of its biological utilization. While 
it is true that work tends to muscular hypertrophy, it seems more probable 
that this increase in anabolism is an after effect of work rather than a con- 
temporary effect, since the immediate result of muscular contraction is 
undoubtedly catabolic. Even in the adult, some tissues are continually 
growing. If this growth is inhibited during muscular activity on a protein- 
containing dietary, the urinary nitrogen will be increased by a correspond- 
ingamount. The effect of muscular activity on the utilization of absorbed 
protein in metabolism is entirely unknown, but it is not inconceivable that 
a depression of utilization, with a corresponding increase in urinary nitro- 
gen (or sulfur) may result. It might even be considered a matter for sur- 
prise if the great acceleration in the catabolic processes of the body during 
muscular work did not conscript some of the dietary amino acids that other- 
wise would be used for the growth of hair or other tissues, or for the re- 
plenishment of the digestive glands, or for the replacement of the nitroge- 
nous losses resulting from the minimum endogenous catabolism. Entirely 
aside from such admittedly hypothetical considerations as these, it would 
seem a futile undertaking to detect the effect of muscular work upon the 
rate of tissue catabolism that is measured normally, in the human subject, 
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by the excretion of 1.5 to 3 gm. of nitrogen in the urine daily, by imposing 
upon this an exogenous protein catabolism yielding 5 or 10 times as much 
urinary nitrogen. 

Such considerations as these lead inevitably to the conclusion that the 
characteristic effect of work on tissue catabolism should be investigated 
under conditions such that the exogenous catabolism of nitrogen is entirely 
eliminated or is reduced to an insignificant minimum. This can be accom- 
plished by the feeding of a very low nitrogen diet, or, if possible, a nitrogen- 
free diet. Furthermore, the experiment proper should be preceded by a 
feeding period of sufficient length to remove the ‘‘deposit protein’’ from the 
tissues, since this stored nitrogen will tend to vitiate the results of the ex- 
periment in the same way as would dietary nitrogen. 

On protein-containing but creatine-free dietaries, the excretion of creat- 
inine nitrogen is generally considered to be proportional to the total endog- 
enous nitrogen. Hence, the effect of work upon the creatinine excretion 
is taken to indicate the effect upon muscle endogenous catabolism. While 
the reasoning upon which this conclusion is based is not fortified throughout 
by adequate experimental data, it may be considered justifiable if not 
entirely convincing. 

Of all the experiments that have been reviewed so thoroughly from time 
to time, there appear to be only two in which the diet was approximately 
nitrogen-free and at the same time was approximately adequate in energy 
value, and in which the period of nitrogen-free feeding was sufficiently ex- 
tended so that the urinary nitrogen had approximated the endogenous level. 
These are the experiments of Thomas (15) reported in 1910, and those of 
Kocher (16) reported in 1914. 

Thomas reduced his output of urinary nitrogen to approximately the en- 
dogenous level by subsisting on a diet of pure sugar. Following a fore period 
of 4 days at this level, was a work period of 3 days during which work on an 
ergostat was performed amounting to 120,000 kg. meters. The experiment 
was concluded by an after period of 3 days on the same diet. The daily 
excretions of urinary nitrogen were as follows: fore period 3.05, 2.73, 3.22, 
and 2.85 gm. ; work period 2.47, 2.90, and 2.97 gm. ; and after period 2.71, 2.22, 
and 2.31 gm. Judged by a comparison of the average excretions only, the 
work had no effect on the excretion of urinary nitrogen, the averages being, 
respectively, 2.96, 2.78, and 2.41 gm. If it is considered that in the latter 
period only was the endogenous level of tissue catabolism reached, Thomas 
concludes that the work might have effected a slight increase in muscle 
catabolism. However, if the endogenous catabolism were not attained 
until the last few days of the experiment, the increased excretion of nitro- 
gen in the work period above this level would appear to be due more prob- 
ably to the elimination of ‘‘deposit protein’ than to aneffect of work. This 
experiment of Thomas, therefore, does not support the conclusion that mus- 
cular work increases the endogenous muscular catabolism. It is to be noted 
that definite proof of the adequacy of the diet in energy value during the 
work period, by a comparison of intake with outgo of energy, is not re- 
quired when the urinary nitrogen shows no increase in this period. 
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Kocher’s experiment involved two subjects and a study of the nitrog- 
enous constituents in the urine. The diet used contained a minimal 
amount of nitrogen (1.01 gm. per day) derived entirely from cream and 
contained over 5000 calories daily. In each case there was but 1 work day, 
during which the subject walked 60 kilometers (about 37.8 miles) in 10 
hours. With both subjects the total urinary nitrogen and the creatinine 
nitrogen increased on the day of work, and the increased excretion con- 
tinued for the next day or two. The effect is much more noticeable in the 
first subject than in the second, a fact possibly correlated with the much 
lower creatinine coefficient of the first subject. Unfortunately there is not 
sufficient assurance that the calorie intake of the work days was adequate. 
On the basis of average values for the energy requirements at rest and dur- 
ing horizontal walking, Kocher estimates that the energy intake of sub- 
ject R. A. K. was about 4.0 per cent in excess of the requirements of the day 
of work, while with subject J. G. F. the estimated excess was 4.6 per cent. 
However, the estimates of energy requirements might conceivably be in 
error by much more than this. Hence, the experiments do not demon- 
strate that an increase in endogenous catabolism is an inevitable conse- 
quence of muscular work; in other words, that there is an inevitable wear 
on the muscle machine. 

In further experiments on the same subjects, with a high protein, high 
fat diet, the urinary nitrogen showed no increase as a result of work when 
the calorie intake was high, but a distinct increase when the calorie intake 
was deliberately lowered so as to be obviously insufficient. With the other 
subject, on a high protein diet, even when the calorie intake was obviously 
insufficient, the urinary nitrogen did not increase as a result of work. Of 
more significance than the total urinary nitrogen on a high protein diet, are 
the values for the creatinine excretion. These appeared to be unaffected 
by work, except for a slight increase on the day of work in one of the ex 
periments in which the energy intake was deliberately made insufficient. 

The experiments of Cathcart and Burnett (13) also indicate a slight 
effect of work upon the creatinine excretion. The diets used in the differ- 
ent series of experiments varied in nitrogen content, but were all estimated 
to contain 2900 calories. Their specific dynamic effect probably approxi- 
mated 200 calories. In each series the diet was constant in the prework 
periods of 4 days, the work periods of 6 days, and the postwork periods of 
4days. The work was performed for 1 hour daily on a hand lever ergometer 
and was equivalent to 25,000 kg. meters (equivalent to 58.6 calories). 
Depending upon whether the efficiency is taken at 20 or 25 per cent, the heat 
output due to this quantity of work may be taken as 295 or 236 calories. 
The subject weighed 79 kilos, and, with a surface area of 1.99 sq. meters, 
would have a basal requirement of 1920 calories. If the estimate of the 
energy intake is accurate, and the other activities of the working days did 
not exceed 500 calories, the energy intake may be considered as adequate. 
During the 12 months of experimental feeding the subject gained 1.6 kilos, 
but in seven of the eleven working periods, a slight loss in weight occurred. 
The adequacy of the energy intake for the entire experiment cannot be 
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doubted, but it is unfortunately not equally clear tha 
quate during the working days. Although it is difficult 


work, for reasons fully explained above, the slight increases in créatinine 
nitrogen during the work periods were sufficiently consistent to indicate 
a direct or indirect effect of work upon the endogenous catabolism of muscle. 

While the experiments of Kocher and of Cathcart and Burnett! thus in- 
dicate an increased excretion of creatinine simultaneous with the perform- 
ance of muscular work, other investigators (12, 18) have obtained no such 
increases. If the creatinine excretion is followed at intervals as short as 
2 hours, the output during a short period of work has been found by Schulz 
(19) to be invariably increased, often to a large extent; however, in some 
later period of the day, generally the following period, the creatinine out- 
put is with equal regularity decreased, so that the total day’s output of 
creatinine is not appreciably affected by the work performed. Hartmann 
20) found much the same fluctuations in the uric acid and phosphoric acid 
content of 2 hour urine samples, and suggests that such variations are not , 
due to variations in the production’of these compounds, but in the excre- 
tory activity of the kidneys as a result of muscular work.? That the excre- 
tory activity of the kidney is affected by muscular work has been clearly 
shown by Wilson and associates and by Dobreff (21). 


It appears that the number of experimental investigations 
planned to determine directly the effect of work on tissue catabo- 
lism is small, and that the results obtained are discordant. The 
present situation, therefore, is sufficient justification for further 
work on this problem, which aside from its great scientific 
interest, possesses many practical bearings on dietetics and the 
feeding of farm animals. The experiments reported in this paper 
were therefore undertaken in the period from November 1, 1926, 
to August 1, 1927. 

EXPERIMENTAL. 


Rats were used as subjects throughout this series of experiments, 
the purpose of which was to determine the effect of muscular work 


1 A more recent experiment by Garry (Garry, R. C., J. Physiol., 1926-27, 
Ixxii, 364) possesses muvh the satae siynificance ai chat cf Catheart and 
Burnett for work on an ergoraetez, Lué uo clear effect cf static etcrt or the 
excretion of total nitrogen or of creatinine was renortec. 

* This explanation is supported by the eypezimental. findings of Rake- 
straw (Rakestraw, N. W., J. Biol. Chem., 1921, ‘xlvii, 565), as well as of 
Levine, Gordon, and Derick (Levine, 8. A, Gcraon, B., and Derick, C. 
L., J. Am. Med. Assn., 1924, Ixxxii, 1778), who have noted consistent 
increases in the uric acid concentration of the blood during work, possibly 
due to diminished kidney function. 
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on the excretion of total urinary nitrogen and, in the later work, 
the excretion of urinary creatinine. The rations used throughout 
contained only small amounts (4 per cent approximately) of 
protein of high biological value (egg). The exogenous catabolism 
in the experimental animals was thus reduced to a minimum so that, 
except in cases of inadequate food consumption, the urinary con- 
stituents may be considered as largely of endogenous origin. 
Although the work imposed upon the rats in their working periods 
could not be accurately measured, it is believed that a marked 
difference in the activity of the rats between rest and work periods 
was secured. 

In the first experiment, the rats were confined in the glass metab- 
olism dishes illustrated and described in a previous: publication 
(22). They were allowed to consume ad libitum a ration contain- 
ing 5.02 per cent of dried whole egg, 4 per cent of the Osborne and 
Mendel salt mixture (23), 10 per cent of butter fat, 10 per cent of 
sucrose, 4 per cent of Cellu Flour,’ 1 per cent of NaCl, and 65.98 
per cent of starch. This ration was found to contain 0.70 per cent 
of nitrogen and 4.39 calories of gross energy per gm. During the 
experimental periods the daily intake of food was determined. 

Following a preliminary feeding period of 5 days, the rats were 
allowed a rest period of 5 days, for the last 4 days of which collec- 
tions of excreta were made according to the usual method adopted 
in our rat metabolism studies (24). During the rest period, the 
activity of the rats was rigorously restricted by bending around 
them a small piece of wire mesh in such a way as to form a tunnel 
across the center of the dish just large enough to include the rat 
and its food dish. The glass tube from the water container over- 
head protruded into the tunnel also, so that the rat had access to 
water at all times. 

At the end of the rest period, was a 5 or 6 day work period, during 
which the wire tunnel was removed from the rat dish. Each day 
for a number pf- hourly periods, ‘the ra’. was suspended over its 
dish on the circwlar piece of wire mesh ‘ordinarily resting on the 
bottom of the metabolism dish. This permitted from 2 to 4 hours 
of static work daily. Hach work period was followed by a 5 day 
rest period similar in. al!. particulars to the first rest period. 


3 A product obtained from the Chicago Dietetic Supply House, contain- 
ing 37.8 per cent of crude fiber and only 0.015 per cent of nitrogen. 

‘In addition to this ration, each rat received daily 25 mg. of yeast 
vitamin (Harris). 
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= Effect of Work on Endogenous Metabolism. Experiment 1. 
nout . cas ‘ 

Period | Body | sme | Daily Daily Work Body | Daily | Daily | Daily | Work 
ee Now [weight] snaie| "Ns | set | abet. [wet] fond | sume | seca | per 
that, Rat 1. Rat 2. 
con- | gm. gm. | mg. | mg hrs, gm. gm. | mg. mg Ars. 
‘igin. 1/155 | 5.8] 36 | 9 | o | 144 | 63] 24 9 | 0 
riods 164 | 6.3] 58 9 0 | 143 | 4.7] 34 9/0 
duet 152 4.1} 40 9 0 | 143 | 5.8] 44 910 
vans 148 | 3.9) 40 9 0 |140 | 3.8] 36 9/0 

145 | 3.2] 38 9 0 | 138 4.7] 35 9/0 

etab- II | 143 2.0} 50 9 2 | 134 1.2] 38 7 2.5 
ation 1388 | 4.5] 43 9 4 | 131 4.6| 43 7 4 
tain, 136 | 3.9| 39 9 4 |126 | 3.1] 387 7 4 
por 104 5.0 35 9 | 4 |124 | 3.8] 44 7 4 
nt of 132 5.6 39 9 4 123 4.5 44 7 4 
65.98 Ill | 129 5.2] 27 7 0 | 121 4.8] 30 710 
‘cent 128 4.2] 24 7 0 | 121 4.5] 29 7 0 
¢ the 127 4.5 | 2 | 7 0 | 117 3.1} 22 7/10 
123 | 2.6) 27 | 7 | © | 115 | 2.8] 23 710 
aver 123 | 3.1) 34 | 7 0/13 | 36] 3 | 7 | 0 

ollec- Rat 3. Rat 4. 
opted 1 |u2 |! so! 35 | 13 | 0 | 9 | so] 2 | ul o 
l, the 112 | 8.0| 33 | 13 0] 90 | so} 23 | 1 | o 
‘ound 113 8.0] 36 13 0 92 8.0| 25 11 0 
unnel 116 | 8.0| 30 13 0 | 93 | 8.0] 26 11 0 
— 115 | 8.0| 23 13 0 | 93 8.0} 25 ll 0 
pete 117 8.0| 26 13 0 | 94 | 8.0] 22 11 0 
ess to II | 117 | 10.0] 30 | 13 2 | 97 |10.0} 26 | 10 | 2 
119 | 10.0} 30 13 4/99 | 82] 24 10 | 4 
luring 122 | 10.0} 30 13 4 | 97 7.2| 27 10 | 4 
h day 124 | 10.0} 27 13 4/99 | 65] 25 10 | 4 
er its 125 | 9.2] 25 13 4 | 97 | 4 23 10 4 
m. the III | 126 | 9.4] 29 9 0 | 94 | 44] 24 6 | 0 
hours 130 9.5] 30 9 0 94 2.4] 24 6 0 
5 day 128 | 6.7] 25 9 0 | 93 3.9] 28 6 | 0 
126 | 5.7| 31 9 0 | 91 3.5} 35 6 | 0 
127 5.6] 31 | 9 0 | 9 | 2.8] 20 6 | 0 
yntain- iin 
Static work. 
yeast 
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The urine collections during this and all subsequent experiments 
were analyzed for total nitrogen daily, while the feces were ana- 
lyzed in period composites. 

The results obtained with the four rats in the first experiment 
are summarized in Table I. Rats 1 and 2 evidently -consumed 
inadequate amounts of food, since their body weights decreased 
almost continuously from start to finish. Under these conditions 
the rate of excretion of urinary nitrogen is of ambiguous signifi- 
icance. However, the daily urinary nitrogen did not appear to 
be greatly if at all affected by the period of work. Rats 3 and 4 
ate their food in much larger amounts, except in the final period, 
so that their body weights were either maintained or increased 
slightly. With these rats also, there is no indication of an in- 
creased breakdown of body tissues either in the work periods or 
in the following periods of rest. In fact, the excretion of urinary 
nitrogen was practically constant throughout the experiment. 

The second experiment was also run upon four rats and differed 
from the first only in the work periods. In these periods the rats 
were transferred to a narrow cylindrical cage revolving on a hori- 
zontal axis. For 6 to 8 hours each day the cage was revolved 
slowly at a uniform rate by an electric motor, and the work done 
was measured by the number of revolutions made. The work was 
mainly locomotion, though occasionally, when the rats clung to 
the wire mesh of which the cylindrical walls of the cage were made, 
it was static in character. A pan of suitable size and shape was 
placed beneath the cage for the collection of excreta. The urine 
was absorbed on filter paper over glass plates resting on the bottom 
and side of the pan. The completeness of urine collection accord- 
ing to this scheme was tested with entirely satisfactory results. 
The same ration was used in this as in the preceding experiment. 

In Table II will be found the results of the second experiment. 
With the exception of Rat 5, all rats consumed sufficient food to 
maintain their body weights throughout the work period and 
generally up to the last 2 days of the final rest period. No evi- 
dence of an augmenting effect of work on the output of urinary 
nitrogen is evident with these rats. 

Having shown that muscular work does not affect the rate of 
tissue catabolism in rats on a predominantly carbohydrate diet, 
if enough is consumed to provide for the energy requirements, the 
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TABLE II. 

Effect of Work on Endogenous Metabolism. Experiment 2. 

. . | Daily | Daily Daily | Work Daily | Daily | Daily | Work 
Period | Bod; - m Body - 
No. | weight kaa Ma | AS | abste | weight. ceeie.| NT] SM | Bete 
Rat 5. Rat 6. 

gm. gm. mg. mg. gm, gm. mq. mg. 
I | 206 | 10.0| 53 16 0} 205 | 10.0} 56 15 0 
205 | 10.0| 56 16 0/207 | 10.0; 538 15 0 
204 | 10.0| 58 16 0 | 206 | 10.0; 51 15 0 
207 | 10.0} 36 16 0/206 | 10.0; 51 15 0 
II | 207 | 12.0] 69 12 900 | 207 9.6 | 47 13 900 
196 9.5 | 50 12 | 1170 | 206 9.5] 49 13 | 1170 
197 5.0 | 64 12 | 1170 | 204 9.0} 46 13 | 1170 
199 8.9] 59 12 | 1170 | 203 9.3) 45 13 | 1170 
197 | 10.0}; 41 12 | 1170 | 205 9.8| 41 13 | 1170 
III | 196 8.1} 34 13 0; 200 | 10.0; 42 19 0 
191 8.5 | 43 13 0 | 201 6.8 | 40 19 0 
194 6.9 | 35 13 0 | 199 8.3 | 43 19 0 
189 6.3) 51 13 0 | 196 5.4 | 50 19 0 

Rat 7 Rat 8. 

I | 214 | 10.0} 50 13 0/133 | 10.0} 35 17 0 
211 | 10.0} 45 13 0/133 | 10.0; 33 17 0 
211 | 10.0} 48 13 0/132 | 10.0] 29 17 0 
217 | 10.0} 51 13 0/1388 | 10.0} 29 17 0 
II | 215 | 11.7] 54 14 900 | 137 | 12.0 2 13 900 
215 | 10.3] 50 14 | 1170 | 139 | 14.0] 32 13 | 1170 
216 9.3) 45 14 | 1170 | 137 | 11.7] 23 13 | 1170 
215 8.8] 39 14 | 1170 | 134 6.5] 22 13 | 1170 
216 9.2} 34 14 | 1170 | 138 7.8| 30 13 | 1170 
III | 213 7.9] 31 16 0 | 135 8.6 | 22 11 0 
213 10.0} 36 16 0 | 133 8.7 | 25 11 0 
214 8.2] 35 16 0 | 128 3.9] 23 11 0 
| 213 7.9 | 33 16 0 | 128 5.0} 42 11 0 
*Work in a revolving cage with a circumference of 40 inches. The 


work is measured by the number of revolutions through which the cage was 
turned per day by a motor. 
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TABLE III. 
Effect of Work on Endogenous Catabolism with Rats Subsisting on Fatty Diet. 
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s/B/2|2/el2t/s/s)/2)4] 8] 23 
e@ilol/ eB lel/tle®lailse]/ Ela] zt] oF 
apl2|/2\2lellele/2/e/4/# 
a a A fa |= | oO- a a aAalipli#£is§ 
Rat 9. Rat 10. 7 
| gm. | gm, | mag. | a ' | mg. gm. | gm. | md. mg. | a I 
Period I. Car- |128 |10.0| 26 | 15| 0/12.83]147 |10.0| 36 | 17 | 0/10.68 
bohydrate |128 10.0) 34 | 15 | —0/12.83}150 /10.0) 36 | 17 | ~0|10.68 
diet. 128 |10.0} 27 | 15 | 0/12.83/152 /10.0) 31 | 17 0)10. 68 
128 |10.0| 28 | 15 |  0/12.83/152 |10.0| 32 | 17 0/10. 68 
t ; 
Period II. Fat |128 | 5.3} 36 | 10| 0} 8.21/153 | 6.0) 49 | 14 0} 8.92 E 
diet. 124 | 2.7} 28 | 10} 0} 8.21/152 | 6.0} 47 | 14] 0} 8.92 
121 | 2.3) 34 | 10| 0) 8.21/154 | 6.0) 56 | 14 0| 8.92 
122 | 2.9) 33 | 10 0} 8.21/156 | 6.0) 56 | 14 0| 8.92 - 
Period III. Fat |121 | 4.1) 41 | 6 | 900 149 | 3.9} 41 | 9 | 900 7 
diet. 120 | 0.9) 35 | 6 |1170 148 | 5.1) 45 | 9 |1170 P 
119 | 3.0) 34 | 6 {1170 147 | 5.5) 41 | 9 |1170 
118 | 3.7) 28 | 6 {1170 146 | 5.4) 36] 9 |1170 
115 | 1.2) 38 | 6 {1170 148 | 6.0) 38 | 9 |1170 
Period IV. Fat}110 | 0.9) 48 6 0/10. 13/146 5.9} 39 | 11 0} 9.13 P 
diet. 107 | 1.0\Lost.| 6 0/10. 13}146 | 6.0} 42 | 11 0] 9.13 
104 | 0.5) 57 | 6] 0/10.13/143 5.0) 47 | 11 0} 9.13 
104} 1.0) 53 | 6 | 0/10.13)143 | 5.3) 45 | 11 0) 9.13 
Rat 11. Rat 12. P, 
Period I. Car- |168 |10.0/ 33 | 15] 0} 8.71/180 {10 0| 59 [15] 0} 7.93 
bohydrate [168 |10.0/ 36 | 15 | 0) 8.71/180 |10.0) 43 | 15 | 0) 7.98 
diet. [170 /10.0) 36 | 15 | 0} 8.71/182 |10.0] 55 | 15 0| 7.93 
/171 |10 " 36 | 15 0| 8.71/183 |10.0} 43 | 15 0| 7.93 
} | | 
| | | > 
Period IT. Fat {162 | 5.0) 45 | 12 0} 9.35187 | 6.0) 69 | 16 0| 9.38 A 
diet. }161 | 5.0} 42 | 12 0} 9.35186 | 6 0| 67 | 16 0} 9.38 
ine | 4.5} 39 | 12 0| 9.35/187 | 6.0} 39 | 16| 0} 9.38 
1159 | 4.0, 40 | 12| 0| 9.351187 | 6.0} 39 | 16 | 0] 9.38 ” 

















* Work in a revolving cage with a circumference of 40 inches. The work 
is measured by the number of revolutions per day through which the cage 
was turned by a motor. 
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216/8/h/2;6°} 8 }6/8/4] 216° 
Rat 11—( Rat 12 —Continued. 
| gm. | ¢ | mg. gm. gm. | mg. | mg. 
Period III. Fat |156 | 900] 8.03]186 43 | 10 | 900) 7.96 
diet. 154 11170} 8.03|185 3} 54 | 10 |1170| 7.96 
156 1170} 8.03]182 42 | 10 |1170| 7.96 
156 1170] 8.03/182 | 43 | 10 |1170| 7.96 
155 1170| 8.03/181 | 32 | 10 |1170| 7.96 
| 

Period IV. Fat |151 | | 12] O11 46)177 | 54 | 11 | 0| 8.39 
diet. 150 12 0)11.46)175 53 | 11 0} 8.39 

146 | 12) 0/11.46/171 | 69 | | 0} 8.39 
(141 | 12 | 0/11. 46)170 | 50| 11} 0} 8.39 
Rat 13 Rat 14. 

Period I. Car- |165 0} 8.16)152 33 | 17] 0} 9.78 
bohydrate —_[163 |10 0) 8. 16/150 40 | | 9.78 
diet. /162 0| 8. 16|153 43|17| 0} 9.78 

162 0} 8.16)155 42 0| 9.78 

Period II. Fat [163 | 5 a 9 en 0) 7.65 

diet. 164 | 4 0} 9.10)134 70 0| 7.65 
161 | 4 0} 9.10/139 60 0} 7.65 
154 | 3. 0} 9.10/141 43 0| 7.65 
Period III. Fat |153 | 1. 9 |2250) 9 oles 1.8] 67 | 6 |2250| 6.29 
diet. 1151 | 2. 2800] 9.38125 | 1.2] 70 | 6 |2800| 6.29 
151 | 3 2800] 9.381124 | 2.41 81 | 6 [28001 6.29 
145 | 2 2800} 9.38/129 | 6.0} 49 | 6 |2800| 6.29 
142 | 2 2800} 9.38/128 | 4.6] 46 | 6 |2800| 6.29 

Period IV. Fat |141 | 3. | 0} 9.91/122 | 2.41 43} 7] 0} 6.74 

diet. 138 | 3 | 0) 9.91/120 | 1.7| 43 | 7| 0) 6.74 
135 | 2 | 0) 9.91125 | 4.4) 59] 7 0| 6.74 
134 | 3 | 0} 9.91/128 | 5.6) 7| 0| 6.74 
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TABLE I1I—Concluded. 





Daily fecal N. 
of body weight. 
Body weight. 
Daily food intake. 
Daily urine N. 
Daily fecal N. 
Work per day.* 
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diet. 1109 | 0.3) 0} 6 49|102 2) 45] & | 6.49 
j107 | 1.3) 59) 3) 0) 6.49/104 | 2.5) 48 | | 6.49 

/105 | 1.6 0} 6.49/107 | 3.8) 32} 5] 0| 6.49 





























next experiment was concerned with the reaction to work obtained 
on diets consisting predominantly of fats. The rats were first put 
upon the carbohydrate ration previously used and, after 4 days 
preliminary feeding, collections were made for 4 rest days (Period 
I). They were then put upon a fat diet containing 74 per cent of 
lard, 8.5 per cent of dried egg, 6.5 per cent of agar, 5 per cent of 
cod liver oil, and 6 per cent of the Osborne and Mendel salt mixture. 
This ration contained 0.99 per cent of nitrogen and 6.16 calories 
per gm., as compared with 4.39 calories per gm. of the carbohy- 
drate diet. After a 4 day preliminary period, collections were 
made for 4 days of rest (Period II), then for 5 days of work in the 
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revolving cage (Period III), and finally for 4 days of rest in the 
metabolism dishes (Period IV). The last four rats were worked 
much more severely in Period III than the first four. In this 
experiment, the creatinine excretion was determined in composite 
samples for each period by a method previously described (25). 
The results of this experiment are given in Table III. 

If carbohydrates are the immediate source of muscular energy, 
as Hopkins, Hill, and Meyerhof believe, it may be expected that 
muscular work would be more likely to increase the endogenous 
catabolism when performed on a dietary régime characterized by 
a high percentage of fat, a low percentage of protein, and practi- 
cally no absorbable carbohydrates than when performed on a 
dietary containing abundant carbohydrates. The results obtained 
upon eight rats subsisting upon such a fatty dietary do not, how- 
ever, indicate a stimulating effect of work upon tissue breakdown. 
The fatty diet was much less palatable than the carbohydrate 
diet, and five of the rats, z.e. Rats 9, 13, 14, 15, and 16, did not 
consume enough of it to maintain body weight. But even in 
these cases, the endogenous catabolism did not seem to be dis- 
tinctly increased by work, except for Rats 15 and 16. Rats 13 
and 14, on the same severe work schedule as Rats 15 and 16, 
showed little if any effect of work on the excretion of urinary 
nitrogen. Rats 10, 11, and 12, which consumed enough food to 
maintain their weights fairly well through at least the first 2 days 
of the final rest period, exhibited no disturbance of their total 
endogenous catabolism during their working periods or imme- 
diately thereafter. 

The average creatinine excretion per kilo of weight of Rats 11, 
12, and 14 for the period of work was less than the averages for 
both the preceding and the following rest periods; that of Rat 13 
was slightly greater than the average of the first rest period, but 
was less than that of the following rest period; while that of Rats 
15 and 16 was greater than both of the rest period averages. The 
creatinine was not determined in the urine of the work period for 
Rats 9 and 10. For five of the eight rats, the average daily crea- 
tinine excretion per unit of weight was less in the rest period pre- 
ceding the work period than in the rest period following the work 
period. The creatinine data, therefore, are not consistent in 
favoring the view that work increases muscle breakdown. The 
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whole picture suggests that the variation among experimental 
periods in the average creatinine coefficients of these rats is due 
to random (or uncontrolled) factors rather than to the variation in 
muscular activity. 

The change from a predominantly carbohydrate diet in Period 
I to a predominantly fat diet in Period II was generally associated 
with an increased excretion of total nitrogen in the urine, even 
when the intake of food in Period II was satisfactory. However, 
for five of the eight rats, the average creatinine coefficient de- 
creased from Period I to Period II. 

In a final experiment, advantage was taken of the fact, fre- 
quently noted in the literature, that sexually mature female rats 
display a widely variable degree of voluntary activity during each 
estrous period of approximately 4 days duration. The muscular 
activity of these rats is thus periodic in nature and highly variable 
in degree. The relation between the voluntary activity of three 
female rats and their urinary nitrogen excretion was therefore 
determined. 

For this purpose the rats were confined in a cylindrical cage 
freely movable on a horizontal axis supported upon ball bearings. 
The number of revolutions of the cage in either direction is re- 
corded by a revolution counter. A description of the cage used is 
given by Richter and Wang (26). During the experiments about 
to be recorded, access to the living chamber of the cage was pre- 
vented, so that at all times the rat was confined in the revolving 
drum. 

The ration used throughout this experiment was the carbohydrate 
ration previously described, containing a small amount of dried 
egg. It was consumed in accordance with the appetite of the rat 
and each day’s intake of food was determined. The urine and 
feces were collected in the same fashion as in the preceding experi- 
ment. 5 or 6 days of preliminary feeding in the experimental 
cage preceded the metabolism period. The observations recorded 
for the three female rats used have been summarized in Table IV. 

Rat 17, although consuming a constant amount of food daily in 
an amount sufficient to maintain its body weight, exhibited a very 
variable excretion of urinary nitrogen. Excluding the first 3 
days because of the abnormally high urinary nitrogen, the excre- 
tions of the remaining 9 days varied from 57 to 87 mg., averaging 





imental 
s is due 
ation in 


1 Period 
sociated 
e, even 
owever, 
ent de- 


ct, fre- 
ale rats 
ng each 
uscular 
rariable 
f three 
ierefore 


al cage 
-arings. 
n is re- 
used is 
s about 
‘as pre- 
volving 


:ydrate 
f dried 
the rat 
ne and 
experi- 
mental 
corded 
2 IV. 
laily in 
a very 
first 3 
excre- 
raging 


TABLE IV. 
Relation between Voluntary Activity of Female Rats and Their 
Endogenous Catabolism. 
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72mg. The activity of this rat did not exhibit any very obvious 
periodicity. However, no relation between activity and endog- 
enous catabolism is apparent. 

The urinary nitrogen excretion of Rat 18 was much more regular 
than that of Rat 17, in spite of the fact that the food intake varied 
from day to day. The average excretion was 20 mg. daily. It is 
of particular interest that from the 6th to the final day the urinary 
nitrogen varied only from 16 to 19 mg. daily, while the activity 
varied about 130 per cent, from 4100 to 9438 revolutions daily. 

The records for Rat 19 are satisfactory except for the last 2 days, 
during which an inadequate amount of food was consumed. The 
average daily excretion of urinary nitrogen for the remaining 10 
days was 25 mg. No obvious relation exists between the activity 
records and the urinary nitrogen excretion. In particular, the 
relative inactivity on the first 2 days was not associated with 
a low excretion of nitrogen, while the much greater activity of 
the 9th and 10th days was not associated with a high excretion. 
With this rat as with the other two, therefore, there is no evidence 
for the belief that muscular activity increases the wear and tear 
on the muscle machinery. 

From these experiments on rats and the experiment of Thomas 
upon himself it appears clear that muscular work may be performed 
with no appreciable increase in the excretion of total endogenous 
nitrogen or of creatinine in the urine, and hence presumably with 
no appreciable increase in the catabolism of muscle tissue. Hence, 
an increased catabolism of muscle tissue is not an inevitable con- 
sequence of increased muscular activity. It is equally clear, 
however, that if the diet does not provide sufficient non-nitrogen- 
ous nutrients to supply the working muscle with energy, the 
muscle tissue itself may be sacrificed for this purpose. 

Whether an increased breakdown of muscle tissue occurs under 
any other conditions of work cannot be answered from available 
experimental data. Intense muscular work, in which the rate of 
consumption of non-nitrogenous nutrients by the muscles greatly 
exceeds the rate of replenishment by the blood, may ultimately be 
shown to stimulate muscle breakdown. Possibly, also, if the 
general body temperature, or the temperatures of the working 
muscles, increases above a certain point, the endogenous catabolic 
processes, whatever they may be, are speeded up, with a resulting 
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increase in the output of endogenous metabolites in the urine. 
Experiments by Myers and Volovic (27) and by Linser and 
Schmid (17) show that increases in body temperature artificially 
induced in healthy subjects may increase the endogenous 
catabolism. 

The interesting results of Lee and Tashiro (28) indicating an 
increased production of ammonia in excised muscles during con- 
traction may have a bearing on the general problem of the effect 
of work on the endogenous catabolism. On the other hand, this 
production of ammonia may be due to the abnormal condition of 
the excised muscle, or to the lack of readily available sources of 
energy, or to anoxemia (29). 


CONCLUSIONS. 


Considerable muscular effort,’ either static or motive, muy 
be performed with no appreciabe increase in the excretion of total 
endogenous nitrogen or of creatinine in the urine, and hence pre- 
sumably with no appreciable increase in the catabolism of muscle 
tissue. Therefore, an increased catabolism of muscle tissue is 
not an inevitable consequence of increased muscular activity. 
This is true whether the diet is predominantly carbohydrate in 
character, or whether it is predominantly fat and contains only 
traces of carbohydrate. 

It is equally clear, however, that if the diet does not provide 
sufficient non-nitrogenous nutrients to supply the working muscle 
with energy, the muscle tissue itself may be sacrificed for this 
purpose. Whether an accelerated breakdown of muscle tissue 
results from any other contingency during contraction cannot 
definitely be decided from available information, although several 
possibilities suggest themselves. 
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ON THE DETERMINATION OF LACTIC ACID IN SUGAR 
SOLUTIONS DECOMPOSED BY ALKALI. 


By THEODORE E. FRIEDEMANN. 


(From the Department of Biological Chemistry, Washington University School 
of Medicine, St. Louis.) 


(Received for publication, October 13, 1927.) 


Lactic acid, one of the main products resulting from the decom- 
position of sugars by alkali, is somewhat difficult or troublesome 
to determine in the mixture of other products which accompany it 
in such solutions. The usual procedure of extraction by ether 
and isolation of the zinc salt involves many manipulations, is 
applicable only when considerable quantities of lactic acid are 
present, and when it is not accompanied by too much other ether- 
soluble hydroxy acids. A portion of the other saccharinic acids 
and much of the resinous material formed from sugars by alkali 
are also soluble in ether, and in the presence of such impurities 
the crystallization of zinc lactate is delayed and the product is con- 
taminated by the salts of these acids. 

We find it possible to use with solutions of such mixed sugar 
derivatives an oxidation method recently described (1) which 
requires only small amounts of solution and enables us to follow 
the rate and amount of lactic acid production under various 
conditions. The method is based on oxidation of lactic acid by 
acid permanganate (in the presence of manganous salt) to acetalde- 
hyde, collection of the aldehyde in bisulfite, and titration of the 
combined sulfite by iodine. Before accepting the results from the 
oxidation method it was necessary to determine whether other 
saccharinic acids present in the solution interfere with the oxida- 
tion of lactic acid to acetaldehyde and whether they are them- 
selves oxidized to volatile sulfite-binding, or iodine-reacting, prod- 
ucts. As an additional check we have compared the lactic acid 
content as determined by oxidation with the values from isolation 
and analysis of the zinc salt on the same solutions of sugar deriva- 
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tives. The data indicate that the values for lactic acid obtained 
by the oxidation method are not seriously in error and are probably 
somewhat more reliable than those obtained by the more laborious 
isolation and analysis of the zinc salt, 


TABLE I. 
Mazimum Yield of Bisulfite-Binding Substances from Various Compounds. 
These data were obtained with apparatus having efficient well cooled 
condensers. The results in general are higher with less efficient, or warm, 
condensers. The results from the oxidation of substances are expressed 
in per cent of the bound sulfite from an equal weight of lactic acid. 5 to 
10 mg. of each substance were analyzed. 





None or less than | per cent. | 1 to 10 per cent. } Greater than 10 per cent. 





Ethyl aleohol.* | Glucose. Glyceric acid (10 to 15 per 
Glycol aldehyde. Galactose. cent). 
Mannitol. Arabinose. 1,3-Dihydroxybutyric acid 
Glycollic acid. Xylose. (12 to 15 per cent).t 
Arabonic “ | Glyceraldehyde. | Rhamnose (25 to 30 per 
Gluconic “ Fructose. cent). 
Saccharic “ | Dihydroxyacetone. | 1,2-Propylene glycol (mini- 
Mucie acid. mum 45 per cent).* 
Pyruvic acid. 1,2-Dihydroxybutyric acid 
Methylglyoxal. (50 per cent). ft 
2,3-Dihydroxybutyric Lactic acid (97 per cent). 
acid.t 
1,2-Isodihydroxybutyric 
acid.t 
a,d-Saccharin. ft 








* Propylene glycol and ethyl alcohol oxidize very slowly. Oxidations 
were carried out 45 minutes and were not complete. The yields shown 
above therefore represent a minimum. 

t These acids were furnished by Dr. J. W. E. Glattfeld of the University 


of Chicago. 
ft The same result was obtained from the two isomeric acids whose melt- 


ing points are 74.5 and 81.5°C., respectively. 


Yield of Bisulfite-Binding Substances on Oxidation of Sugars and 
Saccharinic Acids.—In Table I are given the results obtained when 
the substances named are submitted to analysis by the lactic acid 
method. The yield of volatile bisulfite-binding substances from a 
large number of compounds of biochemical importance is listed in 
a previous paper (1). It will be noted that the sugars themselves 
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react like the equivalent of 2 to 10 per cent of equal weights of 
lactic acid. The sugars may, however, easily be removed by 
copper hydroxide precipitation before the oxidation, and their 
interference thus prevented. The related alcohols and acids, with 
the exceptions noted, give results corresponding to less than 1 per 
cent of lactic acid. The exceptions are 1,2-dihydroxybutyric 
acid, 1,2-propylene glycol, rhamnose, and 1,3-dihydroxybutyric 
acid. These substances which yield considerable quantities of 
aldehyde, with the exception of 1,3-dihydroxybutyric acid, have 


TABLE II. 
Analysis for Lactic Acid of Solutions Containing Lactic and Other 
Saccharinic Acids. 





Lactic acid yield (uncorrected) in per cent 
of lactic acid present. 





Original CuSO,-Ca(OH);| , 
solution. filtrate. Ether extract. 





107 101 98 
108 112 114 





Composition of solutions. Solution 1. Solution 2. 





mg. per 100 cc. mg. per 100 cc. 


Lactic acid 100 
1,3-Dihydroxybutyric acid 50 
1,2-Dihydroxybutyric “ 10 
2,3-Dihydroxybutyric “ 10 
1,2-Isodihydroxybutyric “ vone. 10 
a,d-Saccharin 72 








252 








like lactic acid the general structure, R-CHOH—CHs. Lactic 
acid is the only saccharinic acid so far isolated from alkaline sugar 
solutions possessing this structure. Most of the other saccharinic 
acids possess the general structure, CH,OH—(CHOH),—CH2— 
CHOH—COOH. These, as one might expect (see Table I), 
do not yield aldehydes on oxidation by acid permanganate. 

Among the decomposition products of sugars 1 ,3-dihydroxy- 
butyric acid is formed in considerable quantities (2). 

Analysis of Artificial Mixtures ——To estimate the order of error 
possibly due to the presence of this and other hydroxy acids in 
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lactic acid determinations, solutions of artificial mixtures of 
several hydroxybutyric acids and lactic acid were prepared simu- 
lating in some degree the mixtures resulting from sugar decomposi- 
tion. These solutions were analyzed by the acid KMnQ, method, 
(1) without treatment, (2) after precipitation by copper and lime 
as for removal of sugar, and (3) in solutions of the acids extracted 
by ether from the original solution. The composition of the 
solutions and results are given in Table II. The results show that 
the presence of these other hydroxy acids and of saccharin, in 
amounts corresponding to 70 and 150 per cent of the weight of 
lactic acid, caused maximum plus errors of 7 and 14 per cent in 
the analysis for lactic acid. There is no consistent difference due 
to pretreatment of the solution, the ether extract giving with one 
solution the lowest and with the other the highest result. 

Analysts of Sugar Solutions Decomposed by Alkali.—Solutions 
of the sugar derivatives (after alkali decomposition), containing 
only traces of reducing substances, were analyzed for lactic acid 
by the oxidation method after preliminary treatments as follows: 

1. No treatment, the solution being oxidized directly. 

2. Aliquots of 5 or 10 cc. were neutralized, diluted, and 10 ce. 
each of 20 per cent CuSO, and 20 per cent Ca(OH). suspension 
were added. The volume was brought to the 250 cc. mark, and 
the solution was filtered after standing } hour with frequent shak- 
ing. This treatment removes the traces of sugars or reducing 
fragments present and apparently removes also most of the higher 
sacchariniec acids, since the KMnOQ, required for oxidation was 
considerably less than without such precipitation (as in (1)). 

3. Ether Extraction Small aliquots (5 ce.) were extracted in a 
Clausen extractor (3); larger quantities (up to 150 ec.) were ex- 
tracted in a larger continuous liquid extractor. The ether ex- 
tract was diluted with water; NaeCO; and powdered talcum were 
added, and the ether was removed on the water bath. The aque- 
ous solution was then boiled 15 minutes to remove traces of ether. 
The extracts contained salts of lactic acid, dihydroxybutyric acid 
(2), more than one-half of the coloring matter, and perhaps small 
amounts of the higher saccharinic acids. It required slightly 
less KMn0O, for oxidation than after copper precipitation. 

The results from a number of such solutions are given in Table 
III. It will be observed that the amounts of lactic acid, as de- 
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termined by the oxidation method on the original untreated solu- 
tion of the mixed sugar derivatives, are only a little if any higher 
than the amounts found in the copper-calcium filtrate and in the 
ether extract. In two cases the analysis of the ether-extracted 
acids gave the highest result. From these results it appears that 
the substances precipitated by copper or insoluble in ether do not 
contribute to, or seriously interfere with, the lactic acid results by 
the oxidation method. 

Isolation of Zinc Lactate—The quantitative isolation of pure 
zine lactate from a mixture of sugar acids presents some difficul- 
ties. The zine salt crystallizes slowly even from pure solutions 
(4) and especially so from syrups containing other salts. Crystal- 


TABLE III. 
Effect of Preliminary Treatment of Caramelized Sugar Solution on Lactic Acid 
Yield Determined by the Acid-K MnO, Method. 
The results express the number of mols of lactic acid (uncorrected) from 
1 mol of hexose. 





Fructose. Glucose | Galactose. 
| 





Lactic acid determined on: Initial alkalinity (KOH) of sugar solutions. 





0.5N 


0.02 | 
6.5N es 
N 


| 
— _ 
Original solution (0 .574/1 .088/0 .584/1 .062)0 .984/0 .420/0 .497 


Copper-caleium filtrate........... | _574/1 .056 0 .528'1 .062.0 .983/0 .400/0 .482 
Ether extract 10.584} 1 .060/1 .006) 0.467 








lization takes place more rapidly and completely from solutions 
of the ether-extracted acids which have been decolorized; but 
even in the case of the decolorized extract the crystallization is 
slow and begins only after the volume has been considerably 
reduced. 

Under what appear to be optimum conditions the zine lactate 
separated from alkali-treated sugar solutions appears to be always 
more or less contaminated by other saccharinic acids, as is indi- 
cated by the analysis for lactic acid by the oxidation method. 
The moisture and ZnO (non-volatile residue) content often indi- 
cate greater purity than is shown by the oxidation method. It is 
evident therefore that the purity of such salts (even when recrys- 
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tallized) cannot be judged solely by the moisture and ZnO content, 
but should be checked by determination of lactic acid content by the 


oxidation method. 
In the experiments described below the procedure for isolation 


TABLE IV. 
Comparison of Lactic Acid Determinations by KMnO, Method with Isolation 
as the Zine Salt. 





Experiment 1. In 100 cc. solution: 20.0 gm. (111 mM) glucose, 25 cc. 13 N 
NaOH. 12 hrs. at 38° and 24 hrs. at 90°C. All of solution Total yield. 
acidified and extracted 27 hrs. | 





A. In residue from ether extraction. Lactic acid by 
KMnQ, method 
B. In ether extract. 
1. Lactic acid by KMnO, method.*................. 
2. Total titrated acidity. 
lst end-point with phenolphthalein 
Final end-point after boiling with excess NaOH. ft 
3. After oxidation of extracted acids by alkaline 
KMn0O,. 
EEE een ere eee ane ee eae 
Oxalic acid 


4. Preparation of zinc salt. 
5 ’ 1000 
Wt. of zinc salt 342 X 4.817 = 14.069 gm. 





ZnO 27 .07 per cent (calculated 27.34). 
H.O =. * ~ % - 18.17). 
Purityt 89.0 “ “ 
‘Lactic acid’’ in mother liquor and washings deter- 
mined by KMnO, method 





* All lactic acid values shown in this table are ‘‘corrected,”’ i.e. divided 


by 0.97. 
t The higher value after boiling is due to the presence of ether-soluble 


acid lactones (2). 
t As determined by the lactic acid content (oxidation method) of the 


zinc salt. 


of the zinc salt was varied in order to study the effect on the yield 
and purity of the salt. It may be summarized briefly as follows: 
Experiment 1: Evaporation of the solution to a thick syrup and 
washing of the salt with 95 per cent alcohol (Table IV). Experi- 
ment 2: Evaporation of the solution to about 50 cc. and washing 
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of the salt with 10 to 15 cc. of water followed by alcohol (Table 
VII). Experiment 3: Evaporation of the solution to about 100 
ec. volume, washing the salt with 75 cc. of water, followed by 
alcohol (Table VIII). 

Experiment 1.—111.1 millimols (20 gm.) of glucose were decom- 
posed by alkali and the solution was acidified and extracted 27 
hours with ether. Water was added, the ether boiled off, and the 
volume was made up to 1 liter. Separate aliquots of the ether- 
extracted acids were analyzed for lactic acid by the oxidation 
method, were titrated for total acids, and were oxidized by alka- 


TABLE V. 





Lactic acid recovery.* 





By KMnO, 
oxidaticn of 
solution of zine 
salt. 


Calculated 
from weight of 
zinc salt. 





oxidation 


of extract. 


oxidation. 


by 
Determined by KMnO, 


Per cent of value 
by oxidation 
of extract. 

Per cent of value 





mM mM per cent 


Sample 1. ZnCO;, washed with H:0...| 74.3 68.7 | 72.4 | 92.5 
“ 2. Zn(OH)s, <3 ” + ne ae 
3. ' “ alcohol.| 94.4 | 99.5 | 84.0 | 88.5 | 89.0 




















* By oxidation method on original solution of ether extract, 94.8 mm. 


line KMn0O,, and the resulting CO, and oxalic acid determined. 
Three larger portions of the same extract were used for isolation 
of the zine salts. The results of analyses calculated for the total 
quantity are shown in Table IV. 

For the isolation of zinc lactate from the ether extract two 200 
cc. aliquots (Samples 1 and 2) were warmed (not boiled) with 
ZnCO; and with Zn(OH)2 respectively. The solutions were 
filtered and the precipitates were well washed. The filtrates were 
evaporated on the water bath to a volume of about 50 cc. and then 
allowed to evaporate at room temperature to a thick syrup. After 
standing about 8 hours in the refrigerator at —4°C., the crystals 
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were transferred to a tared Gooch crucible, washed with about 30 
ec. of ice water, and finally with alcohol and ether. The crucible 
was warmed about 3 hours at 45°C. 

Another aliquot (Sample 3) (342 ec.) was warmed with Zn(OH), 
and the filtrate was evaporated as before. The crystals of zine 
lactate were transferred to a tared Gooch crucible and sucked free 
from mother liquors. They were then washed with about 40 ce. 
of 95 per cent alcohol and the latter removed by ether. The salt 
was dried about 3 hours at 45°C. 

The yield of zine salts obtained by these procedures and their 
purity determined by analysis are given in Table V. 

The data in Table IV show by the oxidation method that nearly 
99 per cent of the total lactic acid was extracted by ether, accom- 
panied by about one-fourth the equivalent amount of other acids. 

The weight of the isolated zine salt (Sample 3, washed by alcohol) 
corresponds almost exactly with the result by oxidation of the 
extract from which the zine salt was prepared. The purity of the 
zine salt is indicated by determinations of its ZnO and H,O con- 
tent. But oxidation of a solution of the zine salt indicates that 
it was only 89 per cent pure, and oxidation of the mother liquor 
shows that it contained about 11 per cent of the total lactic acid. 
This amount added to the oxidation value of the zine salt corre- 
sponds almost exactly with the oxidation value of the original 
extract. 

As will be shown below, pure lactic acid when carried through 
the same process of extraction by ether, conversion into zinc salt, 
and crystallization, yields about 95 per cent recovery. We are led 
to conclude therefore that the apparent purity of the zinc salt 
is deceptive, and that the oxidation results are the more reliable. 

Experiment 2.—72.6 gm. of glucose were dissolved in 50 ce. of 
warm water. 80 cc. of 56 per cent NaOH were added, and the 
volume was brought to 200 ec. . The solution was allowed to stand 
4 days at 40°C. After acidifying with 50 per cent H,SO, it was 
extracted 20 hours in the ether extraction apparatus. 

The extraction residue was washed into a volumetric flask and 
warmed 30 minutes in a boiling water bath. An aliquot was 
analyzed for lactic acid by the KMnO, method. Although a very 
large volume of KMnQ, was required for oxidation of an aliquot 
of the extraction residue, the yield of bisulfite-binding product 
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amounted to only 0.6 per cent of the total “lactic acid” formed, 
99.4 per cent having been extracted by the ether. 

To the ether extract 200 cc. of water and 10 gm. of norit were 
added, and the mixture was then warmed until free from ether and 
made up to a volume of 1 liter. 

Four 100 cc. aliquots were treated with ZnCO; or Zn(OH), as 
shown in Table VI. The solutions were evaporated to a small 
volume and allowed to crystallize in the refrigerator. The crys- 
tals were transferred to a tared Gooch crucible, drained well from 
the syrupy mother liquors, washed three times with 10 ce. of 
H,0, and finally with alcohol and ether. 

Another aliquot of 500 ec. was warmed in a boiling water bath 
with an excess of c.p. zinc carbonate. The filtrate was evaporated 























TABLE VI. 
a ZnCO: | ZnCOs | Zn(OH):| Zn(OF)s 

Warmed : Warmed 

. Boiled 4 Boiled 
Treatment of ether extract............sccccesees 5 aero 10 min. 5 we 10 mo 
Weight of zinc lactate, gm............. 37.8 36.9 39.2 | 39.8 
H:0, per cent (calculated 18.18)....... 18.12} 18.29} 18.19 18.25 
— * 6 hf =  - | ee 27 .01 27 .02 
OE, oc vasccaedasaxounees 93.4 | | 88.8 





* As determined by the oxidation method (corrected). 


to about 50 cc., allowed to stand 12 hours at room temperature, and 
was finally kept 24 hours in the refrigerator. The crystals were 
well drained of mother liquors on a tared crucible, washed with 
10 to 15 ee. of HO, and were finally washed with alcohol and ether. 
The crystals were white in appearance. The yield of crystals 
calculated for the total of the ether extract was 43.4 gm. The 
filtrate which contained much resinous colored material was again 
evaporated to a small volume, but did not yield crystals even when 
seeded; however, on boiling with norit and again evaporating, it 
set to a solid mass of crystals. The results of the analyses are 
summarized in Table VII. 

Experiment 3.—An ether extract (of an alkaline sugar solution), 
which had been boiled free of ether and which had been almost 
completely decolorized by norit, was diluted to a volume of 1 
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liter. An aliquot was withdrawn for lactic acid determination by 
the KMnO, method. The remainder, 970 cc., was boiled with an 
excess of c.p. ZnCO; and the filtrate was evaporated to about 100 
cc. on the steam bath. After standing 24 hours at room tempera- 
ture and 48 hours in the refrigerator, with frequent stirring, the 
mass of crystals was transferred to a tared Buchner funnel and well 
drained from the mother liquor. The crystals were then washed 
with three 25 cc. portions of cold water, drained well, and were 
finally washed with alcohol and ether. The calculated total yield 
of zinc salt was 30.1 gm. 26.5 gm. of this salt were dissolved and 


TABLE VII. 
Comparison of Lactic Acid Determinations by KMnO, Method and Isolation 
as the Zine Salt. 





Experiment 2. 72.6 gm. glucose (400 mm), 80cc. 56 percent NaOH. Total Lactic acid 





volume 200 ce. 4 days at 40°C. All acidified and extracted yield for 
20 hrs. with ether. solution. 
mM 


A. In residue from ether extraction. 





Lactic acid by KMnO, method..................ceeeeee 2.0 
B. In ether extract. 
1. Lactic acid by KMnO, method...................... 314.5 
2. Preparation of zinc salt. 
1st crop of crystals 43.4 gm. = 291 .0 
Recrystallized salt 41.8 “ = 280.0 
” “ purity* 96.7 per cent. 
By oxidation of recrystallized zinc salt................ ee 271.0 





* Determined by KMn0Q, oxidation (corrected). 


were evaporated on the steam bath to a volume of about 100 ce. 
After standing 36 hours in the refrigerator, with frequent stirring, 
it was filtered and washed with three 25 cc. portions of water and 
then with alcohol and ether. The yield from 26.5 gm. of this 
salt was 21.95 gm., or 82.8 per cent, of recrystallized salt, the purity 
(by the oxidation method) being raised from 96.4 to 99.8 per cent.’ 

The washings from the first crystallization were boiled with a 
small amount of norit and c.P. zinc carbonate and were again evap- 


1 A solution of 26.5 gm. of pure dl-zinc lactate treated in exactly the same 
manner yielded 22.6 gm. of recrystallized salt, the yield being 85.3 per cent. 
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orated toasmall volume. After standing 48 hours in the refrigera- 
tor, the crystals were sucked dry of syrup, washed with two 10 ce. 
portions of water, and finally were washed with alcohol and ether. 


1000 
The calculated yield was (= x 5.25) 5.41 gm. The residual 


TABLE VIII. 
Comparison of Lactic Acid Determinations by KMnO, Method and Isolation 
as the Zinc Salt. 





Lactic acid for total 
solution. 





Experiment 3. Analysis of an ether extract of an alkaline glucose 
solution, boiled free from ether and decolorized by Por cont 
norit, Total volume 1000 cc. of 
oxidation 
value. 





A. Preparation of zinc salt. 
1000 
1. 1st crop of crystals, 970 X 29.15 = 30.1 gm. 
ZnO 27 .29 per cent (theory 27.34). 
H,0 B66 * * ¢( * =.ee). 
Purity® 06.4“ * 
Recrystallized Ist crop, purity 99.8 per cent. 


1000 
2. 2nd crop of crystals, 970 xX 5.25 = 5.41 gm. 


ZnO 27 .31 per cent. 
H,0 ——— ~~ * 
Purity* 91.00 “ “ 36.3 





Total calculated lactic acid in zinc salts 230 .9 

3. Mother liquors, non-crystallizable residue. 
Lactic acid by KMnO, method 32.5 

B. Lactic acid by KMnO, method.f........./.......05 260.0 











* Calculated from the lactic acid content by oxidation method. 
t All lactic acid values shown in this table are ‘“‘corrected,”’ i.e. divided 
by 0.97. 


mother liquors were analyzed for lactic acid by the KMn0O, 
method. The data are summarized in Table VIII. 

The results of these experiments again show that about 90 per 
cent of the “lactic acid” determined by the oxidation method on 
solutions of sugar derivatives may be isolated in the form of zine 
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salt, as compared with about 95 per cent from pure lactic acid 
solutions. Although the identity of the remaining 5 per cent is 
uncertain, it seems probable that part of it also is lactic acid which 
fails of precipitation as zinc salt due to the effect of other accom- 
panying products. In other words, the values by the much 
simpler oxidation method are probably at least as reliable with such 
solutions as isolation of zine salt. 


TABLE IX. 
Recovery of Lactic Acid from a Solution of U. S. P. Lactic Acid. 





Lactic acid yield for 


Experiment 4, 41 cc. v.s.p. lactic acid (Merck) diluted to 1000 ce. , 
total solution. 





per cent 


ma of total 


A. Lactic acid by KMn0O, method on original solution. | 448.0 
B. Preparation of zinc salt. 
1. Ist crop of crystals, from extract of 970 cc. = 
48 .05 gm. 
Calculated total wt. of zinc salt = 49.53 gm. 
DE i oe eacemama kere 99 .75 per cent. 
Lactic acid contained in zine salt.*............... 332 .2 74.1 
: 1000 
2. 2nd crop of crystals, 970 X 13.80 = 14.22 gm. 
Found. Calculated for Zn(CsHsO3)2-2H:20. 
per cent per cent | 
ZnO..... 29.10 29.11 
H;0..... 13.28 12.89 | 
Purity* 103.2 95.6 | 21.3 
[a]5° = —5.3° 


Total lactic acid recovered in zine salts............ 











427 .8 95.4 





* Determined by oxidation method. 


Experiment 4. U.S.P. Lactic Acid.—This experiment was 
carried out under conditions as nearly as possible like those of 
Experiment 3. 41 cc. of u.s.p. lactic acid (Merck) were diluted to 
1 liter. The results are shown in Table IX. 74.1 per cent of the 
lactic acid (determined by oxidation) was recovered as zinc salt 
in the first crop of crystals, and 21.3 per cent in the second crop, 
the total recovery being 95.4 per cent. Lactic acid was not 
determined in the mother liquor and washings from the second 
crop. The first crop of crystals, as far as could be judged by 












lal 


fo. 


of 


wh 
act 
dl-| 
lac’ 
lact 
onl 
be 





“tic acid 
r cent is 
id which 
- accom- 
e much 
‘ith such 


cid. 


d yield for 
olution. 


per cent 
of total 


nt was 
hose of 
uted to 
; of the 
ne salt 
d crop, 
as not 
second 
ved by 


T. E. Friedemann 87 


optical activity, was dl-zine lactate. The second crop consisted 
largely of the zinc salt of d-lactic acid.? 


I wish to take this opportunity to thank Professor P. A. Shaffer 
for suggestions and criticisms during the course of this work, and 
Dr. J. W. E. Glattfeld of the University of Chicago for a number 
of very pure saccharinic acids, 


SUMMARY AND CONCLUSIONS. 


The applicability and reliability of an oxidation method for the 
determination of lactic acid in solutions of sugars after decomposi- 
tion by alkali have been tested. The sugars themselves, various 
saccharinic acids, and sugar alcohols yield on oxidation only small 
amounts of interfering substances. From analysis of artificial 
mixtures it is concluded that the combined error from the other 
substances in untreated solutions of sugar derivatives probably 
does not exceed 5 or 10 per cent. This error is somewhat reduced 
by preliminary extraction of the acids by ether or by removal of 
other derivatives by copper-lime precipitation. The results for 
lactic acid in sugar solutions by the oxidation method are in 
approximate agreement with the yield of zine lactate which may 
be isolated from the same solutions. 
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* This confirms the observations of Pederson, Peterson, and Fred (4) 
who find that the optically active zinc salts are more soluble than the in- 
active salt and that the commercial (or v.s.P.) lactic acid, in addition to 
di-lactic acid, also contains some d- or l-lactic acid. In preparing dl-zine 
lactate to be used as a standard in lactic acid determinations from v.s.P. 
lactic acid the solution of zinc salt should not be evaporated too far, and 
only the first crop of crystals obtained should be used. The latter should 
be recrystallized a number of times and its purity finally checked by a 
moisture and ZnO determination. 
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(From the Laboratory of Biological Chemistry, Medical Department of Union 
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(Received for publication, October 24, 1927.) 


After investigating the question of the synthesis of cholesterol 
in the animal body and finding convincing evidence (1) that a 
synthesis was possible, the question arose: Where does the syn- 
thesis take place? What organ or organs are capable of synthe- 
sizing cholesterol? 

A brief search of the literature served only to emphasize the need 
for an investigation of this question. Nearly every organ in the 


body has been suggested as having a cholesterogenic function only 
to have contradictory evidence presented by other investigators. 
The cortex of the suprarenal gland, the spleen, and the liver have 
been most frequently put forward as being particularly important 
in cholesterol metabolism. 


Rothschild (2) performed unilateral and bilateral suprarenalectomies in 
rabbits and studied the cholesterol content of the blood following opera- 
tion. He found after removal of both glands a progressive increase up to 
the time of death which occurred usually about 24 hours after operation. 

Landau and McNee (3) studied the cholesterol content of the suprarenals 
after feeding rabbits olive oil and cholesterol. They found an increase 
particularly of cholesterol esters. The above investigators interpret their 
results as indicating that the suprarenal is merely a storage depot for 
cholesterol. 

On the other hand the French investigators believe that the glands have 
the power of synthesizing cholesterol. The view is based upon the work 
of Chauffard, LaRoche, Grigaut (4), and others. They used dogs for the 
experimental animals, and found that after removing one suprarenal there 





sf A report of the work was presented before the meeting of the American 
Society of Biological Chemists at Cleveland, December, 1925. 
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was increase in blood cholesterol, lasting about 3 weeks. After removing 


both suprarenals they found no change. 

Baumann and Holly (5) found no increase in the blood cholesterol of 
rabbits after removing one suprarenal, nor in those which survived the re- 
moval of both glands for 5 weeks or more. Joelson and Shorr (6) found an 
increase in the cholesterol content of dog blood following removal of one, 
one and a half, or both suprarenal glands. 

In regard to the réle of the spleen in cholesterol metabolism much of the 
work has been done by the French investigators Abelous, Soula (7), and 
associates. They have observed a hypercholesterolemia following splen- 
ectomy, an increase in the cholesterol content of splenic pulp during aseptic 
autolysis, and other evidence which has led them to conclude that the spleen 
plays a very important part in cholesterol metabolism. 

King (8), Eppinger (9), and Bloor and MacPherson (10) all found an 
increase in blood cholesterol following splenectomy. Bodansky (11) on 
the other hand found no change in total cholesterol. 


EXPERIMENTAL. 


In previous work on cholesterol metabolism (1) we developed 
a cholesterol-free diet which we found adequate to maintain rats 
for a long period of time. It seemed possible, therefore, to throw 
some light upon the function of the spleen and suprarenal glands 
in cholesterol metabolism by removing these organs from rats 
and placing the operated animals upon this cholesterol-free diet. 
As a control it seemed advisable also to place other similarly 
operated animals upon this same diet with a known amount of 
cholesterol added. 

The spleen was removed from twelve rats, with aseptic precau- 
tions. Recovery was prompt, the animals being active within | 
or 2 hours after operation. None became infected and all ate the 
usual amout of food and appeared normal in every respect. Of 
the twelve rats four were placed at once on the cholesterol-free diet 
to which had been added 0.3 per cent cholesterol. The remaining 
eight were placed on the cholesterol-free diet. Of the latter group, 
four were killed at the end of 7 days, all others being left on the 
experimental diets for 1 month. When the animals were killed 
the cholesterol content of the blood was determined by the method 
of Bloor, Pelkan, and Allen (12).! The results are shown in 
Table I. 

From another group of rats the entire suprarenal glands were 

1 While we have usec this method we have, however, made a change in 
the cholesterol standard which in our judgment adds materially to the 
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removed. The operation was performed through the lumbar 


and 
( 


route. Recovery was uneventful in every case and the animals 











Cholesterol-free pl 


457 
460 


456 
4538 





were active within 12 hours after the operation. These animals 
were treated in the same manner as the splenectomized rats. 
Being aware of the fact that the rat possesses accessory tissue 





accuracy of the determinations. The chief objection to the colorimetric 
method has always been the development of a brownish color in the un- 
known which produced a poor match with the standard. We, therefore, 
made up a composite mixture of alcohol-ether extracts of blood prepared 
according to Bloor’s method, and after carefully determining the choles- 
terol content of this mixture it was used as the standard. The correct 
amount of this mixture was carried through the various steps in the deter- 
mination, being treated exactly like the unknown. By doing so it was 
usually possible to obtain as good comparison of standard and unknown as 
is possible in any colorimetric method, and never was the difference in color 
of much account. We believe that by using for a standard such a com- 
posite mixture of blood extracts carefully standardized by the digitonin 
method, the colorimetric method will give results practically as reliable 
as those obtained by the digitonin method. 
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resembling histologically the suprarenal cortex and that this 
tissue hypertrophies after removal of the suprarenals, we had all 
these rats examined after killing for the presence of such tissue 


TABLE II. 
Cholesterol in Blood of Adrenalectomized Rats. 





examination 
foraccessory 


cortical tis- 
sue. 


Days on diet. 
blood. 


Histological 





“I gspe Cholesterol in 
— Sys 


Cholesterol-free plus 0.3 per cent cholesterol. Positive. 


“ 0.3 ‘ 

















both in the gross and microscopically.2 The histological findings 
together with results of the blood analysis are shown in Table II. 
In our previous study of the cholesterol content of rat blood we 


2 The histological examinations were made by Dr. C. H. Harbinson of 
the Department of Anatomy to whom we are much indebted. 
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found that the average of a large number of determinations on the 
blood of normal rats gave a figure of 88 mg. of cholesterol per 100 
ec. of blood. Hence, from a study of Tables I and II it is readily 
seen that the removal of neither the spleen nor the suprarenal 
glands affects the cholesterol content of the blood. Whether the 
animal receives cholesterol in its diet or not appears to make no 
difference. In other words, cholesterol metabolism is apparently 
not disturbed by the removal of either the spleen or the suprarenal 
glands. 

In the case of the suprarenals the results might be argued to be 
inconclusive on account of the presence of hypertrophied accessory 
cortical tissue which, presumably at least, takes over the functions 
of the tissue removed. However, it will be noted that such tissue 
could not be found in those animals which were killed within 11 
days following removal of the glands. Yet the cholesterol con- 
tent of the blood of the animals which were sacrificed a few days 
after operation was no different from that of the animals in which 
accessory tissues could be found. This is shown in the last four 
experiments of Table IT. 


CONCLUSION. 


Experiments are described which show that removal of the 
spleen or the suprarenal glands has no effect upon the cholesterol 
content of rat blood. 
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INTRODUCTION. 


It is frequently assumed that uric acid, free or combined, is the 
principal, if not the only, purine regularly occurring in mammalian 
blood. This is not the case. 

In 1914 Bass (1) obtained indirect evidence from which he 
concluded that in human blood adenine occurs combined, probably 
as adenylic acid. His conclusions have been confirmed and ex- 
tended by others. The existence of adenine nucleotide in pig 
blood was proved by Hoffman (2) who succeeded in isolating and 
analyzing the crystalline chemically pure compound. The idea 
that other nucleotides might occur simultaneously with adenine 
nucleotide in blood has been in the minds of several investigators. 
Especially diligent has been the search for evidence of the occur- 
rence of guanine in free or combined form, but all attempts in this 
direction have failed. 

The recent success of the present authors (3) in isolating oxyade- 
nine from pig blood is the more noteworthy because of the close 
chemical similarity between oxyadenine and guanine. Previous 
attempts to isolate guanine should at least have unearthed oxyade- 
nine. Failure to do so illustrates the difficulties and uncertainties 
of work in this field. The finding of oxyadenine in the hydrolyzed 
uranium precipitate obtained from a protein-free blood filtrate is 
presumptive evidence of the fact that it occurs bound as a 
nucleotide. 

Nor have the possibilities even with pig blood yet been exhausted. 
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That guanine in some form should be completely absent from blood 
seems improbable from a priori considerations. Not only must 
partially hydrolyzed nucleic acid of food origin be carried by blood 
but also that formed from the catabolism of body tissues. Free 
or combined purines from these sources, however, might be so 
small at any one time as to escape detection by ordinary methods, 
There is still the possibility that there may be present in blood 
purines of unknown constitution, combined in large molecules, 
such as nucleotides. In fact we are in possession of evidence which 
leads us to believe that this is the case. 

The chances are therefore that there are several purine nucleo- 
tides in blood. The adenine nucleotide isolated by Hoffman (2) 
was identical with that obtained from yeast nucleic acid; that is 
to say, it was a riboside. In lieu of definite information to the 
contrary the possibility must not be overlooked that the nucleo- 
tides of blood may in part also be hexosides. There can be no 
reasonable doubt, however, that quantitatively the principal 
purine nucleotide of blood is adenine nucleotide. 

From the physiological view-point no extensive information could 
be obtained bearing on the amount, function, or origin of adenine 
nucleotide in blood until a chemical method was devised for 
estimating this compound in small quantities of blood. Such a 
method is reported in this paper. Few attempts have been made 
in the past to estimate the combined purines in blood. Conse- 
quently it is not commonly appreciated that in normal human 
blood there are 3 to 4 times as much purine (mostly adenine) 
bound as nucleotide as there is free uric acid. Analytical methods 
have been subject to criticism because they were laborious, non- 
specific, and required too much blood to admit general use. 

Bass (1) determined the nitrogen of the purine bases (other than 
uric acid) which were precipitated by ammoniacal silver nitrate 
from a hydrolyzed protein-free blood filtrate. This method re- 
quired 70 to 100 gm. of blood. A number of pathological bloods 
were examined under various experimental conditions with ex- 
treme variations of 3.2 to 9 mg. of N present as combined 
purines, other than uric acid, in 100 gm. of blood. In terms of 
adenine nucleotide this corresponds to 16 to 45 mg. per 100 ce. 
Bass found that the administration of atophan and of sodium 
nucleate had no demonstrable effect on the combined purine 
content on blood. 
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Thannhauser and Czoniczer (4) claim that they deproteinized 
serum in such a way as (1) to precipitate nucleotides with the 
proteins, and (2) not to precipitate nucleotides. To the filtrates 
from these procedures they added copper sulfate and sodium 
bisulfite (a reagent which will precipitate both free purines and 
nucleotides) and assumed that the difference between the nitrogen 
of these precipitates was nucleotide nitrogen. Starting with 100 
ec. of blood they found in the serum of healthy adults 2.3 mg. of 
nucleotide nitrogen per 100 cc., which corresponds to about 11.5 
mg. of adenine nucleotide. 

In addition to many obvious criticisms of this procedure it might 
be well to point out that serum was shown by one of us (5) (and 
corroborated by Benedict and Theis (6)) not to contain significant 
amounts of acid-soluble organic phosphorus. If the method of 
Thannhauser and Czoniczer determines nucleotide nitrogen at all, 
it must be only that haphazard quantity which has escaped into 
the serum after long standing in contact with corpuscles under the 
conditions of their experiment. 

Jackson (7) determined the nitrogen content of the precipitate 
obtained when uranyl nitrate was added to a Folin-Wu blood 
filtrate. For each determination he used 60 cc. of filtrate. In 
his method the assumption is inherent that adenine nucleotide is 
the only nitrogenous compound precipitated by uranium. 

In the method reported herewith the reactions involved are 
general for purine nucleotides but since adenine nucleotide is 
known to be quantitatively the principal single representative of 
this type of compound in certain bloods (pig blood) (8) results are 
conveniently reported in terms of adenine nucleotide, C:oHisNs- 
PO;-H,0. It is possible that this is not true of all species. 


EXPERIMENTAL. 
Principle of Method for Determination of Adenine Nucleotide. 


In principle the method for determining adenine nucleotide is 
simple. It consists of: (1) deproteinization of whole defibrinated 
blood with tungstic acid; (2) precipitation of adenine nucleotide as 
the uranyl compound; (3) hydrolysis of the precipitate with 
dilute sulfuric acid with the liberation of free adenine; (4) removal 
of the uranium from the hydrolysate with ammonia; (5) precipi- 
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tation of the adenine as silver compound by ammoniacal silver 
nitrate in the presence of gelatin, which acts as a protective colloid; 
(6) nephelometric comparison! of the silver adenine so formed with 
that formed from standard solutions of adenine sulfate under the 
same conditions of experimentation. 

Deproteinization of Blood.—Proteins were precipitated from 
fresh defibrinated blood by the tungstic acid reagent of Folin and 
Wu. This method of deproteinization was chosen inasmuch as it 
is simple and is carried out under conditions which do not hydro- 
lyze nucleotides. The tungstic acid mixture should be thoroughly 
shaken at intervals and allowed to stand 20 minutes before 
filtration. The possibility must not be overlooked that certain 
blood constituents may be selectively adsorbed by the precipitated 
proteins. Trial experiments in which known small quantities of 
adenine nucleotide were added to dilute blood convinced us that 
loss by adsorption was small when the Folin-Wu procedure was 
used. 

Precipitation of Adenine Nucleotide-—The precipitability of a 
compound from solution depends upon several factors such as 
concentration and the simultaneous occurrence of other com- 
pounds. Thus it was found in control experiments that free 
purines were partially dragged down with the insoluble uranium 
precipitate if they were present in relatively large amounts; 
though when they were present in small concentration (as they 
must be if they are present at all in blood) their presence could not 
be detected in the uranium precipitate. Neither could nucleo- 
sides be detected in the uranium precipitate when they were added 
in small quantities to blood filtrate. 

Jackson (7) correctly states that inorganic phosphates must be 
present in order that adenine nucleotide be quantitatively precipi- 
tated. For this reason a certain amount of inorganic phosphate 
was regularly added to our blood filtrates although the quantities 
occurring naturally in most bloods would doubtless be sufficient 
to serve this purpose. 

1 After this work was completed it was found that a similar principle, 
t.e. the nephelometric comparison of silver purines, was employed by 
Graves and Kober (Graves, 8. 8., and Kober, P. A., J. Am. Chem. Soc., 1915, 


xxxvii, 2430) for the estimation of free purines in urine. It was also sug- 
gested that the method might be made applicable to free purines in blood. 
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The conditions which were found suitable for the quantitative 
precipitation were: that excess uranyl nitrate be used and that 
i hour be allowed before centrifugation. 

Hydrolysis of Precipitate-—When the usual quantities of uranium 
precipitate (within rather wide limits) were treated with 1 cc. of 
10 per cent sulfuric acid and 1 cc. of water and heated for 45 
minutes in a boiling water bath complete hydrolysis took place. 
Heating for longer periods did not increase the quantities of purine 
set free. During the hydrolysis any significant change in volume 
was prevented by the reflux condensation caused by a small funnel 
in the mouth of the centrifuge tube. 

Removal of Uranium.—The hydrolyzed solution was made just 
alkaline to litmus with ammonia.* This served two purposes: 
first, it prepared the solution for the precipitation of the adenine 
with ammoniacal silver nitrate and, second, the uranium was 
quantitatively precipitated. It is essential that the correct amount 
of ammonia be added because the final precipitation of standard 
and unknown must be made at nearly the same pH. Because of 
the large bulk of the uranium precipitate especial care must be 
taken that the precipitate be thoroughly washed to prevent the 
loss of significant amounts of adenine. It was found that this 
could be best accomplished by solution of the precipitate in 10 per 
cent sulfuric acid and reprecipitation with ammonia. 

Precipitation of SilverAdenine.—As stated above it is essential 
that the precipitations of standard and unknown be carried out at 
approximately the same pH. This is accomplished with sufficient 
accuracy if care is taken to add the same quantities of reagents to 
standard and unknown. The relative strengths of the sulfuric acid 
and ammonia must be frequently checked. The presence of 
gelatin in the reagent insures a colloidal condition of the silver 
adenine which is ideally suitable for nephelometry. 

Nephelometric Comparisons.—It stands to reason that whenever 
nephelometric determinations are to be made all solutions used 
must be colorless and sparklingly clear and all apparatus scrupu- 
lously clean. When compared with a suitable standard a rather 
wide variation in concentration of adenine nucleotide could be 
satisfactorily determined. In the final precipitation quantities 


*It might be expected that guanine would be precipitated and lost (if 
present) at this point. This was found nvt to be the case, however. 
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corresponding to as little as0.2 mg. of crystalline adenine nucleotide 
could be read although 0.3 mg. was more satisfactory. As in all 
nephelometric determinations it is important that the concentra- 
tion of standard and unknown should be nearly the same. 


Solutions Needed. 


Stock Standard Adenine Sulfate—27.8 mg. of adenine sulfate 
((C;H;Ns)2*H2SOx-H2O) are dissolved in water and made up to 
100 ec. Each ee. of this solution represents 0.5 mg. of adenine 
nucleotide. 

Dilute Standard Adenine Sulfate——A series of dilute standards 
are made. A given quantity (2 to 6 ec.) of the stock standard is 
pipetted into a 25 ce. volumetric cylinder. Suitable quantities of 
sulfuric acid and ammonia are added to give the same salt content 
and pH which the unknown solution has. (If one uses 1.5 ce. of 
sulfuric acid and 1.0 ce. of ammonia in a volume of 6 ce. in the 
unknown it is sufficiently accurate to use 6 cc. of acid and 4 ce. of 
ammonia in a volume of 25 ec. of standard.) 

5 ec. of dilute standard are used in the determination, corre- 
sponding to 0.2 mg. of adenine nucleotide if 2 ec. of stock standard 
were used in the dilute standard, and to 0.3 mg. if 3 ce. of stock 
standard were used, ete. 

Uranyl Nitrate—A 20 per cent solution of crystalline c.. 
urany] nitrate is suitable. 

Sulfuric Acid.—This reagent should be approximately 10 per 
cent. 

Ammonia.—This reagent also should be about 10 per cent. 

Ammoniacal Silver Nitrate —Concentrated ammonia is added to 
a 1.5 per cent solution of silver nitrate until the precipitate which 
forms is redissolved. This stock solution may be used indefinitely 
in preparation of the gelatin reagent. 

Gelatin Reagent.—This reagent is prepared by mixing 50 ce. of 
1 per cent gelatin solution, 20 cc. of ammoniacal silver nitrate, and 
1 cc. of 10 per cent ammonia. The reagent should be prepared 


fresh each day. 


Apparatus Needed. 


The apparatus required is found in most laboratories. The 
greater part of the determination is carried out in graduated 40 ce. 
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Pyrex centrifuge tubes. Graduated glass-stoppered cylinders are 
used for making the final solutions to a volume of 6 ce. 

Steam is obtained from a wash bottle. The use of steam instead 
of water for washing has been found efficient and has made it 


possible to keep volumes small. 

Supernatant liquids are drawn off by means of glass tubing 
drawn out to a capillary and bent abruptly upward at the end so 
that when suction is applied the precipitate is not disturbed. 


Detailed Directions. 


Pipette 20 ec. (or whatever volume is appropriate depending on 
the solution under investigation) of Folin-Wu blood filtrate into 
a40 cc. graduated Pyrex centrifuge tube. Add 1 cc. of 20 per cent 
uranyl nitrate and 2 drops of concentrated Na,HPO, solution and 
allow to stand 3 hour. Centrifuge and draw off the supernatant 
liquid. Dissolve the yellow precipitate in 1.0 ec. of 10 per cent 
sulfuric acid by warming in a water bath. Wash down the tube 
with enough steam to increase the volume by 1 ce. Place a small 
funnel in the mouth of the tube and heat in a boiling water bath 
for 45 minutes. Add the amount of 10 per cent ammonia which 
has been determined to be necessary to neutralize the sulfuric 
acid and make the solution just alkaline to litmus. Centrifuge 
and decant the supernatant liquid into a 10 ec. graduated cylinder. 
Redissolve the yellow precipitate in 0.5 ec. of sulfurie acid, wash 
with steam, and neutralize with ammonia. Centrifuge and add 
the supernatant liquid to the first portion. Make the volume up 
to6ce. The solution at this point should be colorless and clear. 
As an added precaution centrifuge once more. Pipette 5 cc. of 
this solution into a 50 ec. Erlenmeyer flask containing 4 ec. of the 
gelatin silver nitrate reagent. Allow to stand 2 minutes and com- 
pare in a nephelometer with a suitably chosen and similarly 
treated standard. 


RESULTS AND DISCUSSION. 


When standard adenine nucleotide solutions were analyzed and 
compared nephelometrically with pure adenine sulfate standards, 
satisfactory results were obtained. A typical experiment, in 
which the analysis was made in quadruplicate is given in Table I. 
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When known quantities of standard adenine nucleotide solutions 
were added to Folin-Wu blood filtrates, the expected increment 
was observed (Table II). 

In the determinations reported in Table III the analyses were 
all made in duplicate, the whole process being repeated with the 
exception of the precipitation of the proteins. In trial experiments 
the process was duplicated completely. Typical results in which 
samples of the same blood were analyzed entirely separately four 
times are as follows: 23.6, 24.2, 23.6, and 23.6 mg. of adenine 
nucleotide per 100 cc. of blood. 


TABLE I. 
CioHisNsPO7-H2O0 (Adenine Nucleotide). 














Taken. Found. 
mg. mg. 
0.46 0.47 
0.46 0.48 
0.46 0.44 
0.46 0.45 

TABLE II. 


CioHisNsPO7-H2O (Adenine Nucleotide). 








wound eaten Added to filtrate. Theoretical. Found. 
mg. mg. mg. mg. 
0.70 0.30 1.00 1.02 
0.70 0.30 1.00 1.03 





A number of determinations have been made of the adenine 
nucleotide content of the blood of several species. Results are 
reported in Table III. Human blood was obtained by venepunc- 
ture from healthy normal adults, mostly medical students. No 
effort was made to correlate the analysis with diet, exercise, or 
other factors.. Dog blood was drawn without anesthesia from the 
external jugular vein. Cat and rabbit bloods were obtained from 
the cannulated carotids, under ether anesthesia. Pigeons, guinea 
pigs, and rats were decapitated, after having been lightly anesthe- 
tized with chloroform. Terrapin blood was obtained from the 
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TABLE III. 
Species Sex. ee my mg. Remarks. 
Human........ F. | 19.5, 11,11, 18, 15.5, | All different individuals. 
10.5 
M16. 3AM ,i * > " 
22, 19, 16.5, 20, 
30, 15.5 
iis ccxtusaxs F. | 8.5, 9.5, 13 . ” ” 
M. | 7.5 
re F. | 8.5 
M. | 8.5 
Guinea pig....} “ | 10.5, 10.5 ” - 
Me caicnitart « 18.5, 6.5, 9.5, 9 « « “ 
Chicken....... F. | 7.5, 12.5 - - - 
M. | 15 
ease anus F. | 32, 35 = ” . 
M. | 32.5, 32 “4 “ 
re .| F. | 64, 69, 66, 84 ” - ” 
M. | 80, 55, 62, 85 ” - “ 
Terrapin...... F. | 36 
M. | 25, 32 ” - os 
ern 35, 30, 24.5, 33, 30, | Different collections of mixed 
32.5, 30, 36, 32, blood. 
29.5, 31 
Fee eae reer 2, 2.5, 3.5, 3 - 
Bos viivccin M. | 10, 12 Same dog, different days. 
“ 11.5, 10.5, 1l “ce “ce “ “ 
“ 9, 10 “ce “ “ “ 
” 7, 7.6, 6.7 All different individuals. 
yr. is 
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cannulated carotid of the pithed animal. Blood was collected 
from the cut neck vessels of ducks and chickens. Pig blood and 
beef blood were obtained fresh from a slaughter house. 

The large variations observed among individuals of the same 
species make it impossible to establish a mean value until many 
data are obtained in which physiological factors are definitely 
controlled. The average figure for seventeen human beings was 
found to be 17.8 mg. of adenine nucleotide per 100 ee., with 
maximum and minimum values of 30 and 11 respectively. Al- 
though other investigators have obtained similar values for 
human blood their methods either required large amounts of 
material or were such that one could not confidently assume that 
adenine nucleotide was the compound determined. 

It is difficult to state just what constitutes chemical specificity 
under all circumstances. Precipitation by ammoniacal silver 
nitrate is a reaction which is highly specifie for purines, but in the 
presence of purines small quantities of other compounds may also 
be carried down in such precipitates. Penedict* finds that “the 
thioneine of blood is precipitated largely by ammoniacal silver in 
the presence of uric acid, but that none of it is so precipitated in 
pure solution.”’ Oxalates interfere with the determination. 

In this method only those blood constituents can be present, 
when the final silver precipitation is made, which have previously 
been precipitated by uranium. The uranium precipitation sepa- 
rates the nucleotides from the known non-protein nitrogen con- 
stituents of blood, including thioneine, if one may judge from the 
fact that, in their preparation of this compound (sympectothion) 
Hunter and Eagles (9) used uranium acetate to get rid of inter 
fering substances. ' 

Another line of argument that the usual blood constituents do 
not interfere seriously in the silver precipitation is afforded by the 
results obtained with beef blood in which adenine nucleotide was 
found only in traces. 

To demonstrate that adenine is the compound which is precipi- 
tated by ammoniacal silver nitrate in the micro method, a macro 
experiment was undertaken in which adenine was isolated and 
analyzed. 7650 cc. of Folin-Wu filtrate from pig blood were 


3 Personal communication. 
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treated essentially as in the micro method. The hydrolyzed 
solution was neutralized and treated with ammoniacal silver 
nitrate. The silver precipitate was decomposed with hydro- 
chloric acid and the adenine, with the usual precautions, was 
precipitated as picrate. The picrate was dried and weighed. 
168 mg. of dry adenine picrate were obtained, an amount corre- 
sponding to 89 per cent of the value calculated from the micro analy- 
sis of this blood (23.6 mg. of adenine nucleotide per 100 cc.). 
After recrystallization, 144 mg. were recovered. The picrate was 
in every way characteristic of adenine picrate, having the ‘‘matted 
hair’? appearance. It was converted into the sulfate, which, on 
analysis, gave the correct value for nitrogen. 

The fact that 89 per cent of the calculated adenine was recovered 
as picrate demonstrates two points: (1) that the silver precipitate 
in the micro method is essentially purine in nature and (2) that 
adenine, quantitatively, is the principal purine present. Doubt- 
less the other purines referred to above comprise the greater part 
of the 11 per cent not accounted for in this experiment. 

May the high adenine nucleotide content of pigeon blood be 
associated with the fact that the red cells are nucleated? Also, 
may part of the adenine nucleotide determined in human or dog 
blood be attributable to the nucleoprotein of the white cells? 
Evidence bearing on these questions was obtained in the following 
manner. Lymph‘ was collected from the thoracic duct of dogs 
under amytal anesthesia. A composite sample was deproteinized 
by the Folin-Wu method, and 40 ce. of the filtrate were analyzed 
for adenine nucleotide. Not even a trace of silver purine could be 
detected. When 200 cc. of this filtrate were used, a trace was 
observed. The thoracic lymph of dogs is high in lymphocytes, 
containing approximately 30,000 pere.mm. This experiment gives 
evidence that nucleoproteins of cells do not interfere with this 
determination and that adenine nucleotide is an independent 
constituent of red cells, but not of the white. 


SUMMARY. 


A micro nephelometric method has been described by means of 
which it is possible to determine quantitatively the adenine nucleo- 


‘ The lymph was kindly furnished by Dr. H. C. Eckstein. 
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tide content of blood. For human blood 20 ce. of Folin-Wu 
blood filtrate prepared from defibrinated blood are used. 

The method has been carefully checked at each step by the 
analysis of standard adenine nucleotide solutions. Theoretical 
results were obtained when pure adenine nucleotide solutions were 
analyzed. Known quantities of adenine nucleotide added to 
protein-free blood filtrates were quantitatively recovered. Dupli- 
cate determinations seldom differed from each other or from the 
theoretical value by more than 5 per cent. 

By means of this method determinations have been made of the 
adenine nucleotide content of a number of samples of blood of 
various species, without reference to any special physiological 
factors. These results, obtained to date, are reported chronologi- 
cally with no attempt to establish a normal or mean value for any 
species. 

Attention is called, however, to the large differences between 
certain species, for instance between beef blood and pigeon blood. 

Adenine nucleotide is a constituent of the red blood cells of many 
species. It was not found in the thoracic lymph of dogs. This 
observation makes it seem doubtful that adenine nucleotide occurs 
in white blood cells. 

The quantities of adenine nucleotide found in human blood make 
this compound significant from the point of view of non-protein 
nitrogen and acid-soluble phosphorus. 
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THE LIPID DISTRIBUTION IN NORMAL AND ABNORMAL 
LIVER TISSUES. 


I, BEEF LIVERS. 


By EDWIN R. THEIS. 


(From the Depariment of Chemisiry, Lehigh University, Bethlehem, and the 
Scientific Laboratories of Frederick Stearns and Company, Detroit.) 


(Received for publication, September 27, 1927.) 


In a recent paper, Bloor (1) has shown the lipid distribution and 
lipid characteristics of normal beef heart tissue. In this paper, 
for the first time, has a comprehensive examination of the lipid 
material of heart muscle been made. Leathes (2) and his cowork- 
ers have thrown much light on the lipid content of liver tissue. 
The work of Leathes and Bloor has been the incentive for the 
present paper. The literature abounds in data relative to the 
amounts of fatty material in normal and in fatty degenerated 
tissue, but this data in the major sense is useless for comparison, 
due to the fact that the definite chemical characteristics of the 
extracted lipid material are not given. 

We have been interested for some time in the changes of char- 
acter of the fatty material existent in a tissue, when it undergoes 
certain metabolic changes—such as fatty degeneration or fatty 
infiltration. We have an excellent example of fatty degeneration 
in oily skin, as the fatty material in the fat cells changes from that 
of a dispersed condition to one of a coalesced state and is there- 
fore excreted through the hair pockets. McLaughlin and Theis 
(3) have shown that upon the death of a tissue, the lipid material 
changes in two distinct chemical ways, in direct relation to the 
period of postmortem action: (A) an increase in the amount of 
extractable lipids; (B) an increase in the so called rancidity of the 
lipid material and an increase of oxidized fatty acids. In skin fat 
(3) the value of (A) in 48 hours time showed several per cent in- 
crease over a control sample, while for (B) the acid value of the 
extracted lipid in 96 hours was 100 per cent greater in value. 
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In an earlier paper McLaughlin and Theis (4) have shown that 
there exist two distinct types of lipid material in a tissue: (A) an 
extractable lipid material, which is very easily removed by boiling 
alcohol and which after a given period of extraction will not fur- 
ther increase in amount; (B) a lipid material, remaining in the 
tissue after treatment as outlined in (A) and which can be only 
extracted with boiling alcohol made acid with acetic acid to the 
extent of 5 per cent. In this treatment a further amount of lipid 
material is extracted, which is different in character from that 
removed under (A). In working with skin tissue, McLaughlin 
and Theis (4) have been able to extract 20 to 50 per cent more 
lipid material by the use of method (B). 

The present paper will deal with the composition of the lipid 
materials and chemical characteristics of the lipids extracted from 
beef liver tissues. The livers were obtained fresh from the pack- 
ing house and were quickly put in process to minimize any post- 
mortem changes (5) that might occur. 1 kilo of the liver tissue 
was quickly passed through a coarse meat grinder and the well 
mixed sample dehydrated in aleohol at 40°C. for 2 hours. The 
alcoholic extract was filtered off and the dehydrated residue 
placed in a modified Clark extractor (6) and extracted with boiling 
alcohol for 16 to 24 hours. The alcoholic extract was changed 
after each 2 hour period in order to minimize as much as possible 
any hydrolytic action on the lipid materials. The tissue residue 
was then placed in alcohol containing 5 per cent glacial acetic acid 
and the whole refluxed for 96 hours. This treatment liberated 
more lipid material, which was then removed by the alcohol. 
The acetic acid-alcohol liquid was treated separately. 

The alcoholic solutions were concentrated to small bulk under 
a vacuum at a low temperature (50—-60°C.) and extracted with 
ether. The ether solution containing the lipids was allowed to 
stand overnight, in order that any water might separate. The 
anhydrous ether solution was then made up to a definite volume 
(usually 500 ml.) with ether. An aliquot portion of this solution 
was used to determine the amount of lipids extracted. The re- 
maining ether solution was then separated into the following frac- 
tions according to the splendid outline given by Bloor (1) in his 
recent work on heart muscle: (1) total phospholipids, (2) solid 
fatty materials, (3) liquid fatty materials. Each of these frac- 
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tions was in turn subjected to the following systematic analysis: 
(a) percentage of the fraction in the total lipid; (b) percentage of 
mixed fatty acids; (c) percentage of solid and liquid fatty acids; 
(d) iodine values of the fraction, mixed and liquid fatty acids; 
(e) percentage of brominated acids (insoluble in ether) in the 
liquid fatty acids. 


EXPERIMENTAL, 


Table I shows the experimental data obtained from nine beef 
livers. The lipid material was extracted as outlined, and the re- 
sults obtained from the individual livers averaged to make the 
table as shown. The column headed ‘abnormal,’ shows the 
results obtained from a beef liver,' which was greatly enlarged and 
showed distinct fatty degeneration changes. These results are 
shown to make a marked contrast possible with results obtained 
from positive normal livers. It has been shown in an earlier 
paper (7) that conditions which tend to cause metabolic changes 
in the liver are demonstrated chemically in the phospholipid- 
neutral fat equilibrium. 

We see from Table I that the phospholipid fraction of normal 
liver tissue is 55 per cent of the total lipid extracted, but in the 
abnormal tissue, the phospholipid fraction falls to 29 per cent. 
This is characteristic for any liver tissue which shows decided 
abnormalities.2. In the case of rabbit liver tissues (8) which under 
strictly normal conditions give a value of 55 to 65 per cent phos- 
pholipid, these, when artificial fatty degeneration is induced, 
show only 3 to 15 per cent of phospholipid. 

Table II shows the fatty acid distribution of normal and ab- 
normal beef liver tissue, under the same conditions as outlined 
for data in Table I. 


1 This abnormal liver was used in this paper, due to the fact that, macro- 
scopically and microscopically, it showed such extreme variations from the 
normal state. The liver was 50 per cent oversize, spotted, and streaked 
with yellow, and showed distinctly fatty degeneration changes. 

2 Animals which have been fed phosphorus or arsenic show decided fatty 
degeneration of the liver and heart. These organs, when examined chemi- 
cally, yield a very small amount of phospholipid in comparison to neutral 
fat. The total lipid material extracted is practically the same as for normal 
animals. 
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TABLE I. 














Normal | Abnormal 

livers.* liver. 

per cent per cent 
ISLE EE CO SDT 4.60 4.00 
enn on ks en aslad saves ee Kkekeewas anew 55.10 29.10 
| ne ipcnaeewaan’ 8.26 40 .90 
Liquid “ OS | cevaseGeattnamsanakeeneaena nannies 36.00 29.10 











* These figures represent average results from the nine livers examined. 


The variance between livers is usually not great, the phospholipid varying 


under normal conditions from 50 to 60 per cent. 


TABLE II. 




















Normal | Abnormal 
tissue. tissue. 
Phospholipid fraction. 
8 re rere 100.0 55.5 
- a ger 140.5 100.8 
™ “« © liquid . © iaksvin dinate 245.5 209.0 
Per cent of mixed fatty acids...................e08: 60.0 
Solid acids, per cent of mixed fatty acids........... 43.0 38.0 
Liquid “ = eS fy G vicd vacwawncses 57.0 62.0 
4-bond acids, per cent of liquid acids............... 34.5 14.7 
Solid fatty fraction. 
I i Oca cca pinecdanakaeemenwa 81.0 90.7 
* iat fore 113.0 
° * Sine | |©* oT Resadink Manama aeea et 190.5 135.0 
Per cont of mined fatty acids... .........5.0.cccccecees 62.1 83.0 
Solid acids, per cent of mixed fatty acids........... 47.1 53.0 
Liquid “ liebio. macs ai . © thavkewes eae 52.9 47.0 
4-bond acids, per cent of liquid acids............... Trace. 4.7 
Liquid fatty fraction. 
eS Se eee ee ere 102.2 90.7 
” a  . «nen 91.3 109.0 
- “« « liquid - © KASS Ree Re KAR SNSNS 160.0 165.0 
Per cent of mixed fatty acids...... .......cccescceses 77.7 76.5 
Solid acids, per cent of mixed fatty acids............ 42.8 39.4 
Liquid “ ay ee ee - ” . Saphecuaet 57 .2 60.6 
4-bond acids, per cent of liquid acids............... 21.6 13.7 
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From Table II it is readily seen that marked differences exist 
in the distribution of the unsaturated fatty acids of normal and 
abnormal beef liver tissues. 

1. In the phospholipid fraction, the iodine values of the frac- 
tion, the mixed fatty acids, and the liquid fatty acids are some- 
what greater in the normal than in the abnormal livers. The 4- 
bond acids are quite predominant in the normal liver tissue, 
being 34.5 per cent of the liquid fatty acid content. 

2. The fatty acids of the solid fat fraction are much less un- 
saturated than the phospholipid fraction and contain only traces 
of 4-bond acids. 

3. The liquid fat fraction contains considerable amounts of un- 
saturated fatty acids as noted from the iodine values an from the 
amount of 4-bond acids. 


DISCUSSION. 


In the animal liver, the fatty material apparently plays a very 
important r6le and undoubtedly these fatty materials are essen- 
tial to the proper metabolic functioning of this organ. The total 
fatty material of this organ in the normal state is in the main 
fairly constant. The liver of the male usually shows less total 
fatty material than that of the female. This so called constancy 
is not real unless computed as percentage based on wet weight 
of the organ. 

On the other hand, the constancy of the total fatty material 
is not the only essential to be considered. Bloor points out some 
very interesting facts concerning this so called constancy. 

1. There is a growing tendency to place the phospholipids in the 
class of essential constituents of the organs. 

2. The amount of phospholipids extracted varies within wide 
limits. 

3. The iodine values of the phospholipids and their respective 
fatty acids vary over a large range. 

4. These variations as noted above can hardly be regarded as 
normal variations in the composition of a tissue, and these phos- 
pholipids are believed to be in part at least reserve material. 

5. Since fat is essentially reserve or stored material, we should 
expect to find the neutral fat excessive in tissues showing a 
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much increased total fatty content. However, Bloor finds that 
the comparative relation of the phospholipid content to total fatty 
content remains essentially the same regardless of such increase. 

The writer’s results agree well with the ideas of Bloor. In the 
normal liver tissues the comparative relation of phospholipids to 
total fatty material is rather constant, being as follows and may 
possibly be expressed as an equilibrium 


phospholipid = fat 
55 per cent 45 per cent 


The writer, however, does not believe that the phospholipids 
may be considered in the rdle of stored fat. He believes that these 
fatty materials play an important rdéle in the vital functioning of 
the organ. This point is borne out when one considers the ab- 
normal tissue. The abnormal organs seldom show either less or 
more total fatty material than the normal tissue but the percentage 
of the phospholipids is definitely and distinctly decreased. In 
other words the equilibrium 


phospholipid = fat 


is displaced to the right. Thus the phospholipid fraction decreases 
with a corresponding increase in neutral fat. This would lead us 
to believe that the phospholipids play some important réle both 
in the intermediate stages of vital fat metabolism and in the 
normal functioning of the organ. As pointed out in Table I, 
the phospholipid-neutral fat equilibrium shifted from a 55 to 45 
to a 29 to 71 per cent relation. This apparently important re- 
lation will be dealt with in greater detail in Papers II and III. 
The results of all our work point definitely in this direction. 
In the main a plausible theory might be suggested. Any condi- 
tion which will tend to cause a decrease in normalcy of the organ 
or tissue will cause the phospholipid-neutral fat ratio to change. 
Apparently this equilibrium is very easily disturbed. Another 
fact which seems to point out that the phospholipid-neutral fat 
ratio is altered by abnormal conditions is the decrease in 4-bond 
acids present in the extracted fatty material. 

The neutral fat fractions naturally yield a higher percentage of 
fatty acids than the phospholipid fraction. The solid fat fraction 
is usually low (under 10 per cent) for the normal organ. The iodine 
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values of the mixed fatty acids and liquid fatty acids are natur- 
ally lower than those from the phospholipids—this is also true for 
the 4-bond acids. In the phospholipid fraction, the 4-bond 
acids amount to 34 per cent of the liquid fatty acids; in the 
solid fat fraction, only a trace; and in the liquid fat fraction to 21 
per cent. 


Bromide Derivatives of the Liquid Fatty Acids. 


Bloor in his work on beef heart tissue gave for the phospholipid 
fraction 6 per cent arachidonic acid, for the fat fractions less than 
2 per cent arachidonic acid. In our work on beef liver, we show 
decidedly greater amounts of 4-bond acids, for the phospholipid 
fraction 34 per cent, for the solid fat fraction a trace, and for the 
liquid fat fraction 21 per cent. Of these ether-insoluble bromine 
derivatives only some 6 per cent was soluble in benzene, thus 
eliminating to a great extent any large amount of 3-bond acids. 
It would thus be assumed that the fatty material extracted from 
liver contains a higher percentage of unsaturated fatty acids than 
that from the heart muscle. 


Iodine Values of Fatty Acids. 


In heart tissue Bloor found an average iodine value for the 
liquid fatty acids of the lecithin 148, for cephalin 170, and for the 
fat fraction 100 to 105. The results for the liver tissue show de- 
cidedly higher iodine values. The iodine values of the liquid 
fatty acids of the phospholipid fraction are 245, for the solid fat 
fraction 190, and for the liquid fat fraction 160. This again bears 
out the conclusion that the fatty lipid material of the liver con- 
tains a somewhat higher percentage of unsaturated fatty acids 
than does heart muscle. 


CONCLUSION, 


The relation of phospholipids to neutral fat of normal and ab- 
normal beef liver tissues has been shown. This relation in the 
normal condition is about 55 per cent phospholipid to 45 per cent 
neutral fat. In the abnormal state this ratio may easily vary 
from a few per cent phospholipid to that of the normal, depending 
primarily upon conditions existing at time of death. 
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The fatty acid distribution of beef liver tissue has been shown 
for both normal and abnormal beef livers. A rather high per- 
centage of 4-bond acids is indicated, ranging up to 34 per cent of 
the liquid acids in the case of the normal phospholipid fraction. 
In the normal state, the 4-bond acids fall off and are indicated at 
about 13 per cent. 

Results indicate that the liver lipids contain a greater amount 
of unsaturated acids than do the heart lipids. 
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STUDIES ON THE BEHAVIOR OF SODIUM AND BARIUM 
AMALGAM ELECTRODES IN SOLUTIONS OF CERTAIN 
AMPHOTERIC SUBSTANCES. 


By P. L. KIRK anp CARL L. A. SCHMIDT. 


(From the Division of Biochemistry and Pharmacology, University of 
California Medical School, Berkeley.) 


(Received for publication, October 24, 1927.) 


INTRODUCTION. 


The present investigation is a continuation of the studies 
which have been carried out in this laboratory on the behavior of 
protein solutions (1). While it is quite generally admitted that 
the fundamental concepts of chemistry are also applicable to pro- 
teins, a considerable number of workers believe that the behavior of 
these substances can be more adequately explained by including 
such concepts as adsorption rather than assuming that the behavior 
of the protein molecule follows that of a simple chemical reaction 
(2): While the present work was primarily carried out with a 
view to studying the reliability of amalgam electrodes in certain 
solutions, it has, we believe, incidentally thrown considerable light 
upon the behavior of casein and certain amino acids. 


Lewis and Kraus (3) in 1910 first used the sodium amalgam electrode for 
the determination of the electrode potential of sodium. It has been used 
subsequently by various investigators. Other metallic amalgams have 
also been similarly used. Danner (4) developed a technique for use of ba- 
rium and strontium amalgams and adapted the sodium electrode for special 
purposes (5). Richards and Conant (6) studied the electrochemical be- 
havior of sodium amalgam in a very precise manner. Neuhausen (7) was 
the first to study the effect of protein materials on the sodium electrode 
and concluded that they did not alter its reliability. Neuhausen and 
Marshall (8) subsequently studied the condition of the electrolytes of the 
blood by means of amalgam electrodes. Ringer (9) investigated the effect 
of dialyzed horse serum on the sodium and potassium ions by means of 
amalgam electrodes. Michaelis and Kawai (10) similarly estimated the 
activity of the sodium ion in blood serum. 
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Methods. 


The amalgam electrode vessel used in these experiments was 
designed similarly to the dropping electrode of Lewis and Kraus 
(3). In Fig. 1 is shown the design of the electrode and the vessel 
for the solution being studied. The sodium amalgam was made 
from washed and distilled mercury and saturated sodium hydrox- 
ide by electrolysis, platinum being used as anode and the mercury 


Fic. 1. Shows the design of the sodium and barium amalgam electrode. 
A represents the reservoir in which the amalgam is stored under dry hydro- 
gen. B is the vessel in which the solution being studied is kept. C is the 
reservoir in which the amalgam which has been used is kept to prevent 
reaction with the solution in B. The stop-cock between B and C is kept 
slightly open during the flow of amalgam, in order to drain it into C. 
serving as the cathode. Barium amalgam was similarly made 
with use of saturated barium hydroxide. All amalgams were 
introduced into the electrode vessel under a vacuum and stored 
under dry hydrogen. Following the recommendation of Gerke 
(11) and later Danner (4), the preliminary experiments were 
sarried out with the use of two-phase saturated amalgams. The 
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easy reproducibility of these amalgams without analysis is a dis- 
tinct advantage. It was found that when the electrode solution 
was comparatively concentrated, these amalgams gave quite 
satisfactory results, but when solutions of low concentration, 
comparable with that of biologically important fluids, were used, 
the rate of reaction of these concentrated amalgams was so great 
that reliable measurements were an impossibility. Consequently 
the use of dilute amalgams was adopted and it was in this way 
found possible to make reproducible measurements of electromo- 
tive force in quite dilute solutions. The current used in making 
the amalgam by electrolysis was ordinarily furnished by a storage 
cell of 6 volts potential. The 110 volt direct current was used for 
some samples and was found to give marked blackening of the 
amalgam unless the current density was very low. Neuhausen 
(12) has ealled attention to this phenomenon in the case of calcium 
amalgams and attributes it to the formation of some intermediate 
compound such as CaCl which exerts an oxidizing action. The 
formation of such a compound seems most improbable in view of 
the fact that the same blackening is caused by too high current 
density or too high voltage, independently of what electrolyte is 
being decomposed. It seems probable that it is merely an oxida- 
tion acting on the mercury present. Amalgams were analyzed 
according to the method of Lewis and Kraus (3). 

The salts used for preparation of cells or for reference solutions 
were Raker’s c.p., recrystallized at least twice. 

Casein was prepared according to the method of Van Slyke and 
Baker as modified by Greenberg and Schmidt (13). Casein solu- 
tions were made by shaking the isoelectric casein with sodium 
hydroxide or barium hydroxide, as the case might be, and either 
filtering or centrifuging away from the insoluble portion. The 
alkali content of such solutions was determined according to the 
method of Greenberg and Schmidt (13) by titration to the iso- 
electric point with very dilute acid. The protein content was 
determined either by the Kjeldahl method for nitrogen or by drying 
measured volumes of the solution in an oven at 100°C. to constant 
weight. The methods were checked against each other, and the 
latter method was found to be comparable in accuracy and much 
easier to perform than Kjeldahl determinations. 

The E.M.F. of the various cells was measured potentiometrically. 
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The cell in all cases was kept at 25°C. in an air thermostat. The 
amalgam half-cell was usually measured against a 1.0 N potassium 
chloride calomel cell, and connected with it by means of saturated 
potassium chloride in tubes of agar jelly. For purposes of check- 
ing, various 1.0 n calomel cells were kept, as well as a 0.1 N sodium 
chloride calomel cell. The calomel used was Kahlbaum’s, washed 
several times in the cell electrolyte. Sérensen and Linderstrém- 
Lang (14) have investigated various calomels and obtained good 
results by use of this method. The experience of this laboratory 
has justified their conclusions. 

The solution to be measured was contained in a vessel having a 
side arm from the bottom, which continuously removed the spent 
amalgam to a smaller reservoir, thus preventing it from reacting 
and concentrating the solution. In taking measurements, the 
amalgam was allowed to drop from the tip, steadily and rather 
rapidly. In solutions of moderate concentrations the speed of 
dropping had absolutely no effect, but in concentrations of 0.01 N 
and below, it was necessary to allow the amalgam to flow rather 
rapidly in order to obtain steady and reproducible readings. 
Protein-containing solutions are more difficult to measure, due to 
the more rapid decomposition of amalgam, presumably due to some 
catalytic effect of the protein. Precautions must always be taken 
against having any hydrogen bubble on the surface of the amalgam 
for this is apt to cause large fluctuations in potential. Harned 
(15) has emphasized the necessity of exclusion of air from the cell 
solution, in order to obtain accurate results. This precaution is 
next to impossible to carry out when protein-containing solutions 
are being used, and it has not been observed by any of the investi- 
gators (7-10) who have used such solutions. In order to keep the 
method uniform, both the protein and non-protein solutions were 
employed in the presence of air. The justification for this proce- 
dure will appear in connection with the results of the meas- 
urements. 

The barium amalgam electrode has been much less studied than 
either the sodium or potassium electrodes and for this reason it was 
thought advisable to check its reliability against the results ob- 
tained by previous investigators. Danner (4) has made a careful 
study of the barium and strontium electrodes. He published the 
potentials of only a few cell combinations and his data were not 
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found to be satisfactory for checking purposes. Lucasse (16) 
made use of barium, strontium, and calcium electrodes for deter- 
mining the activity coefficients of the chlorides of these metals 
and his data are sufficiently extensive for purposes of comparison. 
We accordingly made up cells of the type 


BaHg, | BaCl, (concentration = c) | HgCl | Hg 


at a number of values of c. The calomel half-cells were made 
according to the simple device of Allmand and Polack (17). The 
potential of the cell when c = 0.1 molar was subtracted from the 
other potentials and these values of EH — E’ were plotted against 
the concentration. The data of Lucasse were plotted on the same 
graph and the two were found to correspond well within the experi- 
mental error. We conclude then that our electrode was as trust- 
worthy as that of Lucasse. — 

The hydrogen activity of many of the solutions was measured 
at 25°C. according to the ordinary technique as elaborated by Clark 
(18) and by use of Clark’s rocking electrode vessel. The ordinary 
precautions were observed in all of these cases. 


Results. 


The cells whose potentials were measured were of the type 


MeHg; (dilute) | solution (containing Me ions at concentration c) | satu- 


rated KCl | 1.0 n KCl | HgCl | Hg 


where Me is either Na or Ba. If we can consider that the satu- 
rated KCl bridge keeps the diffusion potential at some constant 
value when solutions of varying concentration are used, the 
difference of potential of two cells varying only in the value of c 
should give the potential of a concentration cell without trans- 
ference of the type 


MeHg; | solution (Met = ¢;) || solution (Met = cz) | MeHg. 


The potential of this cell will depend only on the relative activities 
of the metallic ions in the two solutions. If ay,+, the activity of 
the metallic ion, is known for one solution, it can be calculated for 
the other solution by use of the familiar Nernst equation: 


RT 1 Met 





E= 


aa a 
nF a’ Met 
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A. Diffusion Potentials. 


It has been very generally assumed that diffusion potentials 
are eliminated, or at least reduced to a negligible value, by the 
interposition of saturated KCl between two solutions. This is 
especially true of the investigations in which the hydrogen elec- 
trode has been employed. The idea is based on Planck’s (19) 
theory of junction potentials, and should be strictly correct if the 
mobilities of the K*+ and Cl~- ions were exactly the same in the 
saturated KCl solution and the conductivity of such a solution 
were infinitely large compared with that of the other solution used. 
Neither of these conditions can be strictly true, but Scatchard (20) 
has made it seem highly probable that saturated KCl against 
solutions not exceeding about 0.1 molal does show a constant 
diffusion potential. His estimate of its value in the case of 0.1 
molal HCl is 4.7 millivolts. With increasing concentration of 
HCl this value rises rapidly to about 11 millivolts at molal con- 
centration. It appears then, that it is entirely unsafe ever to 
disregard liquid junction potentials, but that they may be cancelled 
out in calculations according to the above scheme if the concen- 
tration of the solutions used does not exceed some value in the 
neighborhood of 0.1 molal. In order that an amalgam may give a 
constant reproducible potential against any given solution, it must 
(a) be uniform in concentration of the active metal, (b) be pre- 
served at this concentration during all measurements, and (c) be 
relatively independent of minor changes in conditions such as rate 
of dropping. The first two conditions were maintained by the 
precautions mentioned in the preceding section. That the poten- 
tials are quite reproducible when the proper technique is used has 
been amply demonstrated, both by previous investigations and in 
the present investigation. It does not follow, however, that a 
potential which is reproducible is a correct potential for the cell 
reaction assumed to take place. That this may be the case 
requires in addition that the amalgam electrode behave as a simple 
reversible electrode, giving only the expected cell reaction. 

It has been pointed out previously (10, 17) that amalgam elec- 
trodes are not entirely reliable if used in too dilute solutions. 
Neuhausen (7) noticed that calculations of ionic activities similar 
to the above type gave too high values in very dilute solutions, and 
he attributed this to the reaction of the amalgam with the solution. 
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Allmand and Polack (17) were among the first to obtain free 
energy data by use of the amalgam electrode. Lewis and Randall 
(21) calculated activity coefficients for NaCl from this data and 
were criticized by Michaelis and Kawai (10) who claimed that 
below 0.02 molal the electrode does not behave in a simple manner, 
but probably as a mixed sodium and hydrogen electrode. Though 
Allmand and Polack made only one measurement below this con- 
centration, it is recognized that their data in the more dilute 
solutions were not satisfactory. This has been especially pointed 
out by Seatchard. 
B. Sodium Electrode. 


Two series of measurements were made with NaCl solutions of 
varying concentration. The results are plotted' in Fig. 2, the 
abscissa representing the square root of the ionic strength, u, and 
the ordinate representing the logarithm of the activity coefficient 
plus some constant. In this investigation, concentrations are 
measured in mols per liter of solution, rather than in mols per 
kilo of water. For this reason we shall designate the activity 
coefficient as y-. In solutions not exceeding 0.1 mol per liter 
the difference between this method of expressing concentration, 
and the more precise method of molalities is usually negligible, and 
is so assumed in this paper. The method here adopted is only 
justified by the fact that the concentration of the protein solutions 
which must be analyzed, and in which the state of solution is 
virtually unknown, is more conveniently expressed in terms of 
normality of the sodium ion and the percentage by weight of the 
protein in the solution. The basis for the method of plotting, used 
in Fig. 2, rests on the rule enunciated by Lewis and Randall (21) 
that the activity coefficient of any ion depends solely upon the 
total ionic strength of the solution. If the measured value of E£ 


Isai 


be divided by 2.303 7, it will be proportional to log ay,+. Divid- 


ing ay.+ by Cy.+ where cy,+ equals the concentration of Met in 
mols per liter, and changing the sign of 2, we obtain the expression 
—F 


Ti 


— log cy.+ = log y, + K’ for Met where K’ is some 





2.303 


nF 
1 We are indebted to Prof. Merle Randall for suggesting this method of 


plotting. 
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Fig. 2. Curves showing a comparison of the values of log y. + K at cor- 
responding ionic strengths for the sodium ion of sodium chloride in dilute 
solutions, as obtained from measurements of freezing point lowering 
(Curve 1) and from measurements with the sodium amalgam electrode 
(Curve 2). 
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constant depending on the type of calomel half-cell used, the 
uneliminated diffusion potential and the characteristic of the 
electrode depending chiefly on the concentration of Me in the 


amalgam. At infinite dilution log y, must become zero since y. 
2 


— mz ; 
becomes 1. The ionic strength yu, defined as = for all ion 


species in the solution, both positive and negative, where m is the 
stoichiometrical molality of each ion and 2 its valence, is in the 
case of uni-univalent electrolytes equal to the molality. We have 
here also used mols per liter, and will designate the ionic strength 
ue. Curve 1 of Figs. 2,3, and 4 represents unpublished data kindly 
given to us by Professor Randall, and probably represents the best 
experimental values of y’ for NaCl, where y’ is the activity co- 
efficient uncorrected for the heat of dilution. As shown by Lewis 
and Randall (21) y’ is negligibly different from 7 below 0.2 molal, 
at which point the error is only 0.2 per cent and is increasing 
rapidly as the concentration becomes greater. This curve has 
been compared with a similar one plotted from the data collected 
earlier by Scatchard (22) and the difference was found to be en- 
tirely negligible within this range of concentration. Curve 2 of 
Figs. 2, 3, and 4 represents our electrometric data for NaCl, and 
that obtained in a similar manner by Ringer (9). In order to make 
these independent sets of data agree in the more concentrated 
solutions where the electrometric method is comparatively reliable, 
the values of K’ have been shifted till the curves all coincide in the 
neighborhood of 0.1 nN. It is obvious that Ringer’s data, so 
treated, agree well with that obtained in this laboratory. Similar 
data obtained by Michaelis and Kawai (10) and by Neuhausen 
(7) have been recalculated and compared with these curves. The 
former agree excellently, and the latter, although they show some 
irregularity and have only a few points, are within the range of 
experimental error. It is obvious that the Nernst equation con- 
necting any concentration above 0.02 N with any concentration 
below that value must give absurd figures for the activity coeffi- 
cient. Indeed, this error is quite apparent in all previously 
published data, where activity coefficients of 2 or 3 are obtained in 
the most dilute solutions. The fact is, however, to be noted that 
four independent sets of investigations give identical curves for 
the same salt, thus indicating at least that the error in such meas- 
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urements is remarkably reproducible, and we must conclude that 
this type of curve is typical for the method used, at least when 
the salt studied is NaCl. Jt will be noted that our y, applies to 
the sodium ion activity coefficient rather than to that of NaCl. 
Even though no absolute value can be assigned to y for the sodium 
ion it seems highly probable that it differs negligibly from y for 
NaCl, in a dilute solution of NaCl. If the type of curve given in 
Fig. 2 is typical for the method used and is dependent only on that 
and on the activity of the sodium ion, then any strong electrolyte 
which yields sodium ions should give this type of curve. Michaelis 
and Kawai (10) have obtained measurements on sodium acetate, 
and these are shown in Fig. 3. It is seen that they depart negligi- 
bly from Curve 2 for sodium chloride. We have carried out meas- 
urements on the sodium salts of three amino acids, and the 
results are also shown in Fig. 3. The salts measured were sodium 
glycinate, and the mono- and disodium salts of glutamic and aspar- 
tic acids. It is seen that all these salts give the same type of 
curve as sodium chloride within the experimental error, and we must 
conclude that they all behave as strong electrolytes. This fact 
also lends support to the idea that the behavior of our electrode 
in these dilute solutions is a rather general phenomenon. 

In Fig. 4 are plotted the data on sodium ecaseinate. In dealing 
with a compound of this nature we are greatly handicapped by the 
fact that neither the charge on the protein ion nor its equivalent 
weight is definitely known. The casein ion, which may be either 
a single molecule or an aggregate of molecules, is probably large 
and branching, and rather loose in structure, as is indicated by its 
abnormally high viscosity and low density. It has a very large 
weight associated with each charge and undoubtedly occupies a 
large space in proportion to its charge. We have then a picture 
of a casein solution in which the charges are relatively far apart 
and should exert their effect almost independently of each other. 
Cohn and Hendry (23) concluded from the solubility of casein in 
NaOH that it behaves as a dibasic acid. The shape of the titra- 
tion curve which shows two points of inflection affords confirma- 
tion for this view. At the pH of our solution, the position on the 
titration curve is still on the first point of inflection, indicating that 
all groups dissociated at the pH are of about equal strength. It 
occurred to us then that the total valence of casein would probably 
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Fic. 3. Comparison of values for log y- + K for the sodium ion of certain 
sodium salts in dilute solution, with the typical curves (Nos. 1 and 2) for 


sodium chloride reproduced from Fig. 2, at corresponding ionic strengths. 
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Fig. 4. Comparison of values for log y. + K for the sodium ion of 


sodium caseinate with the typical curves (Nos. 1 and 2) for sodium chloride 
reproduced from Fig. 2, at corresponding ionic strengths. 
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have little or no significance in determining the ionic strength of 
such a solution, and since all groups seem equally strong at this 
pH, the most logical assumption would be that casein behaves as 
a univalent ion with respect to the ionic strength. This is the 
assumption made in plotting Fig. 4. Stadie and Hawes (24) have 
recently concluded that the ionic strength valence of hemoglobin 
is 1, which may be considered as additional confirmation of the 
assumption made by us. 

The solutions were made as described before, by dissolving the 
casein up to nearly its maximum solubility. The most concen- 
trated solutions contained about 6 per cent of casein by weight. 
These concentrated stock solutions were then diluted with varying 
amounts of water. At the pH used, the extent of hydrolysis of 
the salt must have been quite small, so that we are justified in 
treating the ions of the salt as’though they are the only ions inthe 
solution. The experimental error in these measurements is rather 
large, due chiefly to the previcusly mentioned behavior of the pro- 
tein in rapidly decomposing the amalgam. This necessitated 
rapid flow of the amalgam and even then it was difficult to be 
certain that there were no adhering bubbles of hydrogen on the 
amalgam surface. It is seen, however, in Fig. 3, that the trend 
of the curve is clearly the same as that of the curves previously 
discussed. It should be noticed that the points are placed by 
shifting along the ordinate and the error in this direction is not 
greater than the experimental error. Here again we have repro- 
duced for comparison purposes, the sodium chloride curves by 
solid lines. When all the assumptions made are taken into 
account, the degree of similarity of the casein curve with the 
sodium chloride curve is remarkable. No other assumption re- 
garding the valence of the casein ion fits the curves so well, so the 
assumption of univalence seems justified. If this is the case, it 
appears that we must consider that the sodium ions in a sodium 
caseinate solution have the same activity as in any strong elec- 
trolyte at the same ionic strength. Then the sodium salt of 
casein must be a typical strong electrolyte and consequently totally 
dissociated in the sense implied in recent theories of strong elec- 
trolytes, as the Debye-Hiickel theory (25). This may be regarded 
as confirmation of the conclusions of Greenberg (26) based on his 
study of the transport numbers of alkali caseinates at different 
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ae 


concentrations and temperatures. It is also in harmony with the 
recent work of Ferguson and Bacon (27) who conclude from the 
results of diffusion potential measurements that the hydrogen 
chloride-gelatin combination is highly ionized. In this connection 
it is of interest to mention that these workers conclude further that 
the reaction between hydrochloric acid and gelatin appears to be 
stoichiometric, purely chemical in nature. Complete dissociation 
has been very commonly assumed in theoretical treatment of 
protein combinations, and in such cases the activity coefficient has 
usually been taken as 1.0. This is undoubtedly incorrect, since 
for such a salt as NaCl the activity coefficient only approaches 1.0 
in the most dilute solution capable of measurements. We cannot 
at present determine the value of y for the salts of casein, but it 
is certainly more logical to assume a value close to that for NaCl 
than to assume a value of 1.0. Such a procedure is at least sup- 
ported by the fact that the sodium ion seems to have its character- 
istic activity as the cation of a strong electrolyte, and the activity 
of the total salt would diifer from that of NaCl only to the extent 
that it is changed by the diiference between the casein ion and 
chloride ion activities when the ionic strength is assumed to be in 
both cases that of a uni-univalent electrolyte. 


C. Use of Sodium Electrode with Unknown Solutions. 


The use of the sodium amalgam electrode for determining the 
activity of sodium ions in an unknown solution would seem to be 
of some importance and a word concerning this matter is not out of 
order at this point. From the shape of the curves given previously 
it is clear that the use of the Nernst equation with such data is 
always a doubtful procedure, especially in dilute solutions. If, 
however, a sodium amalgam be used against a series of sodium 
chloride solutions, and then used against an unknown solution, the 
potential obtained in case of the unknown solution could be fitted 
to the sodium chloride curve and the known activity of sodium 
ions read. Such a procedure is subject to various possible errors, 
largely due to the irregular behavior of the electrode in dilute 
solutions. As demonstrated in this paper, however, these errors 
are apt to be sufficiently small to be negligible for most solutions 
of biological importance. Another inherent error which is too 
great to be neglected for refined work, but may usually be neglected 
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in solutions of biological importance, is due to the difference be- 
tween two solutions in the value of diffusion potentials when 
saturated potassium chloride bridges are used. This difference 
becomes less as the solutions become more dilute, but other errors 
become greater in lower concentrations. The diffusion potential 
errors are scarcely liable to be larger than those inherent in all 
hydrogen electrode measurements where potassium chloride 
bridges are used, though implicit faith is often placed in this 
device for eliminating these potentials. The results of such 
measurements may probably be considered as semiquantitative 
at any rate. Michaelis and Kawai (10) have used a method very 
similiar to this in their study of blood serum and have obtained 
results of fair accuracy. Neuhausen and Marshall (8) also 
studied the blood electrolytes with various electrodes. They did 
not make their calculations in this way, but used the Nernst equa- 
tion. The error thus introduced was probably offset to some 
extent by the moderate concentration, and the similarity of the 
standard and unknown solutions. It is of course only possible to 
estimate the activity of the sodium ion from such measurements. 
Even though the sodium salts present are all strong electrolytes 
and completely dissociated, we are not justified in calculating the 
stoichiometrical concentration of sodium unless we know the 
value of yx,+ for the solution. This is not apt to be known since 
it depends on the total ionic strength of the solution. It is worthy 
of mention that in making such measurements it is imperative that 
the amalgam be not too concentrated except where the sodium ion 
is also quite concentrated. With solutions below 0.1 N a concen- 
tration of about 0.1 per cent sodium in the amalgam is suitable to 
use. 

There is no reason for believing that the behavior of potassium 
electrodes is inferior or greatly different from that of sodium elec- 
trodes, and they can probably be treated in the same manner, 
although we have no experimental data on this point. 


D. Barium Electrode. 


In recent years a great deal of work has been published indicat- 
ing that the alkaline earths form non-ionizable compounds with 
proteins. The conductivity work of Robertson (28) and of Adolf 
(29), the transport experiments of Greenberg and Schmidt (30), 
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and the distribution studies of Updegraff, Greenberg, and Clark 
(31) as well as those of Wright (32) allpoint in this direction. It 
is of especial interest to attempt to estimate the activity of the 
calcium ion in solutions containing protein by means of the amal- 
gam electrode. In common with various other investigators, we 
found our technique entirely inadequate for obtaining reliable 
results with this electrode. Having resorted to barium, we found 
the use of barium amalgams much more satisfactory. The 
readings were considerably more constant and reproducible than 
when sodium amalgam was used, with the single exception that a 
few solutions with relatively low pH gave unreliable measurements. 
These were more alkaline than some solutions which gave reliable 
results, so the difficulty could scarcely be one of insufficient 
alkalinity. 
Cells of the type 
BaHg, | BaCl: (concentration = c) | KCI (saturated) !1.0N KCl | HgCl | Hg 


were measured as well as similar cells in which the BaCl, was re- 
placed by barium caseinate and the barium salts of certain amino 
acids. The data were treated in essentially the same way as the 
data from the sodium electrode measurements. Since in the 
passage of an equivalent of electricity only half a mol of barium 


I 
becomes barium ion, the value of n in the expression 2.303 - FP} 2. 
nk 


Curve 1 of Fig. 5 is plotted by the use of the ionic activity co- 
efficient for the barium ion taken from Lewis and Randall (21). 
Curve 2 represents our experimental results with barium chloride. 
It is seen that the behavior of the barium electrode in dilute 
solutions is essentially similar to that of the sodium electrode. 
The same criticism should probably be applied to the data of 
Lucasse (16) since this divergence is almost certainly an electrode 
effect at the amalgam electrode, and as stated before, our electrode 
checks that of Lucasse very closely within the concentration range 
studied. 

Curves 1 and 2 of Fig. 5 are reproduced in Fig. 6 and the values 
obtained with the barium salts of certain amino acids are super- 
imposed. It is apparent that the amino acid curves closely ap- 
proximate the typical strong electrolyte curve, and it must be 
considered then that this type of salt also belongs to the class of 
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Fic. 5. Curves showing a comparison of the values of log y- + K for the 
barium ion of barium chloride and barium hydroxide in dilute solutions, as 
obtained from measurements with the barium amalgam electrode (Curve 
2), with the activity coefficient values of Lewis and Randall for the barium 
ion (Curve 1), at corresponding ionic strengths. 
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Fic. 6. Comparison of values for log y- + K for the barium ion of the 
barium salts of certain amino acids with the typical curves (Nos. 1 and 2) 
for the barium ion of strong electrolytes reproduced from Fig. 5, at cor- t 
responding ionic strengths. 
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strong electrolytes. Curves 1 and 2 of Fig. 5 are also reproduced 
in Fig. 7 and the values obtained with barium caseinate plotted 
so as to bring the lowest points into agreement with Curves 1 
and 2. The assumptions made in calculating the value for the 
ionic strength of this series represented by Curve 3 which is based 
on the points represented by circles, are that the casein ion is uni- 
valent and that no complex formation takes place. The diver- 
gence of Curve 3 from Curve 2 is not on first sight so obvious as 
might well be wished. It must be remembered that these curves 
are superimposed only by transposition along the ordinate. If 
Curve 3 were so placed as to agree with Curve 2, in the more dilute 
range, it would be very apparent that the divergence is really very 
much greater than can be attributed to experimental error. The 
good agreement of the experimental points with each other is to 
be noted in this connection. In order to determine the sensitivity 
of the curve to complex formation, the assumption was arbitrarily 
made that 50 per cent of the barium was bound in some non-ionic 
form. This assumption will only affect the ionic strength by 
reducing Ccp,+ by one-half. If the combination of casein with 
barium is purely chemical we should expect some one of the follow- 
ing general types of compound: Ba-(casein)2Ba, Ba-casein-Ba- 
casein, or Ba-casein-Ba, in which one barium atom can ionize and 
one cannot. The first and third formule might be interpreted 
as signifying a possibility of a divalent casein ion. In Fig. 7, 
the triangles represent the assumption that half the barium is 
non-ionic and the other half related to divalent casein ions. The 
squares represent the same assumption regarding complex forma- 
tion but assuming univalence for the casein. It is seen that this 
method of plotting is not especially sensitive to the effect under 
consideration and cannot in any way give any idea as to the mag- 
nitude of such complex formation. The results are, however, in 
harmony with that idea. It is also seen that the idea of univa- 
lence for the casein ion is still the preferable one. 

Unsuccessful attempts were made to calculate the measured 
data so as to give a more definite idea as to the magnitude of the 
complex formation. Their failure is probably due to the large 
number of variables concerned and their undetermined magni- 
tude. It is suspected that diffusion potentials may be a factor in 
the discrepancies observed and, as before indicated, air dissolved 
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in the cell electrolyte may also be a disturbing factor. It is like- 
wise probable that the extreme degree of hydration of the protein 
has an influence in increasing the effective concentration of the 
solution. The method of plotting used by us, though not es- 
pecially sensitive, seems to be the only one that is justified when 
we have no adequate knowledge of all the sources of the potential 
which we measure. It is hoped to make other studies along this 
line which will assist in clarifying this question. 

Since space does not permit the inclusion of the original data in 
this paper, they have been deposited at the University of Califor- 
nia Library in order that individuals who may desire to make use 
of them may do so. 


We are indebted to Professor Merle Randall and Dr. D. M. 
Greenberg for helpful suggestions and criticisms. 


SUMMARY. 


The behavior of the sodium and barium electrodes in various 
solutions has been studied and found to be abnormal but definite 
and reproducible in dilute solutions. 

Evidence has been obtained that the sodium and barium salts 
of certain amino acids behave as typical strong electrolytes. 

Evidence has also been obtained that sodium caseinate behaves 
as a strong electrolyte with the casein ion affecting the ionic 
strength as if it were univalent within the range of alkalinity 
studied. Barium caseinate, on the contrary, appears to be ab- 
normal in its behavior. 
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VITAMIN A DEFICIENCY AND UROLITHIASIS. 


By E. C. van LEERSUM. 


(From the Netherlands Institute of Nutrition, Amsterdam, Holland.) 
PLATES 1 AND 2. 


(Received for publication, September 1, 1927.) 


Some years ago Osborne and Mendel! drew attention to the 
frequency of calculi in the urinary tract of rats on a vitamin A- 
deficient diet. In 857 autopsies they found calculi 81 times. 
“In every instance,” they wrote, “where calculi developed, the 
animals were without an adequate source of the fat-soluble vitamin 
for some time.”” Mendel once more referred to this matter at a 
meeting of the Medical Society of the State of New York in 
March, 1920, in an address on the fat-soluble vitamin A. He 
said on that occasion, that Osborne and himself had observed 
additional cases and that the formation of phosphate calculi 
with vitamin A deficiency is still more frequent than would 
appear from their statistics. 


“When it is recalled,’’ thus Mendel states, ‘‘that phosphatic calculi 
deposited in a neutral or alkaline urine, which in turn frequently owes 
its reaction to bacterial decomposition, are found extensively among 
peoples living, for example, in the tropics and the Far East, on diets quite 
unlike the mixed régime of most Americans and Europeans, the possible 
relation of the calculi to dietary factors is at once prominently suggested.”’ 


McCollum has denied the existence of this connection. In a 
paper, “Our present knowledge of the vitamins,’ he says: 


“Osborne and Mendel (1917) observed calculi of calcium phosphate in the 
urinary tract in ninety-one [read 81] animals among 857 necropsies. Forty- 
three per cent of these had not had a satisfactory supply of vitamin A. 
In McCollum and Simmonds’ experience, calculi have occurred so fre- 





? Osborne, T. B., and Mendel, L. B., J. Am. Med. Assn., 1917, Ixix, 32. 
* McCollum, E. V., Our present knowledge of nutrition, in Lectures on 
nutrition, Philadelphia, 1925, 137. 
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quently in animals whose diets contained an abundance of this factor, but 
were faulty in other respects, that it would seem to be the result of general 
debility rather than lowered vitality brought about by specific cause.”’ 


Fujimaki,* on the other hand, has been able to confirm Osborne 
and Mendel’s conclusion. He found it easy to produce calculi in 
40 days by means of a diet not containing any vitamin A, calcium, 
or phosphorus. 

The contradiction in the observations of the experimenters 
led me to control the records of the rats in the laboratory of the 
Netherlands Institute of Nutrition. A considerable time ago I 
had examined many of these rats as to the presence of calculi in 
the kidneys, the urinary tract, and the bladder. They number 
886, piebald and albino rats, of which 405 are males and 481 
females. Among them are 241 rats (see Table I) which never 
suffered from vitamin A deficiency. Their diet consisted of 
whole meal bread, raw milk, butter or cod liver oil, raw carrots 
or cabbage, and now and then some cheese and spinach or lettuce. 
In none of these 241 rats (108 males and 133 females) were calculi 
found. Hence the conclusion does not seem unwarranted that, 
with healthy, adequately fed rats, calculi do not appear, or are 
at least rare. 

Among the other 645 rats (297 males and 348 females) 197 
cases of caleulosis were found, namely in 130 males and 67 females. 
These rats had been fed on vitamin A-deficient rations. That 
these rats suffered from vitamin A deficiency was shown by clinical 
examination. The mortality among them was great; they grew 
but little. In a number of those I examined, the estrous cycle was 
disturbed, which, according to Evans, may be considered a sign 
of vitamin A deficiency. There were also many cases of xeroph- 
thalmia. That this eye disease did not occur more frequently 
must be attributed to the short lives of many rats. 

The search for calculi in the urinary tracts was made with 
great care. Of many rats x-ray photographs were made (see 
Figs. 1 and 2). Of all, the renal pelvis, the ureters, and the bladder 
were carefully examined, and to make quite sure, the bladders 
apparently not containing calculi were also examined micro- 
scopically. It was several times possible, in this way, to find 

’ Fujimaki, Y., Japan Med. World, 1926, vi, 29; abstracted in Chem. 
Abst., 1926, xx, 2694. See also Saiki, T., Deutsch. med. Woch., 1927, liii, 517. 
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concrements invisible to the naked eye (see Figs. 3 and 4). Rarely 
calculi were found in the ureters, rather often, however, in the 
pelvis of the kidneys. These were small as a rule; however, once 
I succeeded in photographing a calculus in the pelvis of one of 
the kidneys by means of x-rays (see Fig. 2). It proved to be a 
calculus 2 mm. long and 1 mm. thick. As regards the bladder, 
it is difficult to find calculi radiologically if they are less than 
1 mm. in diameter, unless their position is favorable. If their 
shadow lies in the same place as that of the bone tissue, they may 
easily escape observation. Larger calculi, 2 mm. or more in diam- 
eter, are under all circumstances visible on the photographic 
plate. 




















TABLE I 
Other lesions. 
. , Gee Er Ee 
Diet. No. of rats. “ “ — 
caleulosis.| tHemat- | Cylin- Xeroph- 
“ | druria 
uria, (onste) . thalmia, 
' ; 4 
Adequate diet with suffi- (108 ¢ 
: : : o 
cient vitamin A......... 2414... 0 0 0 0 
(133 9 
sedan ’ (297 #| 130 # | 
Vitamin A-deficient diet...| 645 5 46 12 g2 
| \348 9| 67 9 | 





That calculi are more frequent in males than in females has its 
natural explanation, given by Hippocrates in ‘De aere, aquis et 
locis,”” namely that the urethra of females is short and wide. 

It was not only phosphate calculi that I have found. Besides 
calcium and ammonia magnesium phosphate, I also frequently 
found calcium oxalate concrements, the latter occurring with Mc- 
Collum’s rickets-promoting diet; surely a proof that the nature 
of the food has an influence on the composition of the calculi. 
Far the greater part of the calculi consisted of calcium phosphate, 
mixed or not mixed with calcium oxalate. 

A number of rats suffered from hematuria, which was evident 
from the blood-stained skin of the belly. However this hematuria 
did not occur so often as might have been expected, considering 
the frequency of the calculi. Though probably caused by the 
lack of vitamin A, it is yet of less frequent occurrence than cal- 








140 Vitamin A and Urolithiasis 


culosis and is not directly connected with it, for, in many cases 
of hematuria there were no calculi, while in many cases of calculi 
in the bladder, there was no blood in the urine. 

Contrary to expectation, evident cystitis was rare. It would 
be natural to think that caleuli would cause cystitis, but as a rule 
the urine was clear, and its reaction upon litmus was acid. I did 
occasionally find a trace of albumin, but this also occurs in the 
urine of normal rats. In most cases of calculosis, on microscopic 
examination, the mucous membrane of the bladder proved to be 
normal and the surface of the epithelium intact. I could rarely 
discover any bacteria. In one case, however, I found some very 
small concrements surrounded by bacteria on the mucous mem- 
brane. 

Caleuli may soon form in case of vitamin A deficiency. I 
found a calculus in a rat which had been weaned when 4 weeks 
old and then had been fed for only 9 days on Osborne and Mendel’s 
synthetic ration‘ and yeast. In another case a calculus had 
formed in 12 days in a rat fed on a xerophthalmia-promoting 
diet. I also found calculi after 17 and 19 days, while the forma- 
tion of calculi in 3 weeks time proved to be very common. 

As regards the kidneys, I found some cases of renal abscesses. 
These have the same cause as pneumonia and inflammation of the 
bowels, usual in case of vitamin A deficiency, and point to reduced 
resistance. This morbid condition of the kidneys is not always 
accompanied by urolithiasis and probably has nothing to do with 
it. 

Several times I found formations in the urine, the shape of which 
reminded one of casts, but which were of a different nature; 
namely, straight or bent crystalline cylinders of calcium phos- 
phate or calcium oxalate, evidently formed in the tubules of the 
kidneys (see Fig. 5). This discovery led me to examine the 
kidneys thereafter for calcium deposits in rats suffering from 
vitamin A deficiency. This examination showed me that in 
vitamin A deficiency, calcium deposits in the tubules are frequent, 
not to say constant. The simplest way to show these deposits 
is to expose the sections in a silver nitrate solution to sun or other 
strong light and then to wash them successively with distilled 
water, a diluted hyposulfite solution, and distilled water again. 


‘Eddy, W. H., The vitamine manual, Baltimore, 1921, 40, column 9. 
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The calcium deposit is then black and easy to discern in the 
uncolored tissue (see Fig. 6). These calcium deposits are found 
especially in the tubules, but never in the glomeruli. They take 
up the whole width of the tubule and vary in length. According 
to the shape of the tubules they are straight or bent. 

Altogether I examined the kidneys of 254 rats, 54 of which had 
had normal food; five a synthetic ration, yeast, and good New- 
foundland cod liver oil; six newly weaned; eleven on a rickets- 
promoting diet; and 178 suffering from vitamin A deficiency. 
Though the number is small it is yet remarkable that of the 
eleven rats on the rickets-promoting diet there was but a single 
one with calcium deposits in the kidneys. Among the six newly 
weaned rats and the five fed on good cod liver oil, there was none 
with calcium deposits. Of the 54 normally fed rats, nine had 
calcium deposits in their kidneys, but I must add at once that 
these deposits were exceedingly few in number, one or at most 
two to a section. Hence I believe that with healthy, well fed 
rats, calcium deposits of any importance in the kidneys may be 
said to be exceptional. On the other hand, calcium deposits were 
almost constant in animals suffering from vitiamin A deficiency; 
in 178 rats 158 times, or 88 per cent compared with a bladder 
stone frequency of 35.4 per cent. 

To check the influence of vitamin A deficiency on these calcium 
deposits in the kidneys, I first extirpated one of the kidneys of 
each of a number of rats on ordinary diet, then withheld vitamin 
A from their food, and those which had not died as aconsequence 
of the operation or from other causes, I killed after some time, 
in order to examine the remaining kidney. In each of fourteen 
rats, which had died within 3 to 15 days after the operation, there 
were no calcium deposits in the extirpated kidney nor in the other 
one. In nine rats fed in the same way there were no calcium 
deposits in the extirpated kidney, but in seven cases, after more 
than 20 days of vitamin A deficiency, I found many in the other 
kidney. In six of these nine rats calculi (five calcium phosphate 
and one calcium oxalate) had also formed during 26 to 54 days. 

These calcium deposits too, form quickly in case of vitamin 
A deficiency. In one case they had been formed in 13 days. It 
is curious to notice how little inconvenience the animals experi- 
ence from them; there have been animals living for 180 days on 
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insufficient vitamin A, in the kidneys of which I have found 
numerous deposits, that must have been there for a long time. 

From what has been said above, it may be concluded that there 
is a connection between vitamin A deficiency and the formation 
of phosphate calculi; at least, that in rats vitamin A deficiency 
may be a cause of phosphate calculi in the urinary tracts. It is 
known that absence of the fat-soluble vitamin from the food 
‘auses typical changes in the epithelial cells of the mucous mem- 
branes, namely keratinization, as shown by the xerophthalmia and 
the lengthening of the duration of that stage of the estrous cycle 
characterized by the repulsion of the horny cells. Probably such 
a morbid change of the epithelial cells of the tubules, in the last 
instance, gives the impulse to the deposition of calcium casts, 
which, once liberated, by means of further deposition of salts 
from the urine, grow to greater concrements. 


EXPLANATION OF PLATES. 
PLATE 1. 


Fig. 1. X-ray photograph of the pelvis of a rat, showing the shadow of 
the bladder filled with stones. 

Fig. 2. X-ray photograph of a rat showing the shadow of a renal and a 
bladder calculus. 

Fig. 3. Microscopic concrements of calcium phosphate found in the 
bladder of a rat on a vitamin A-deficient diet. 

Fig. 4. Microscopic concrements of calcium oxalate found in the bladder 
of a rat on a rickets-promoting diet. 


PLATE 2. 


Fic. 5. Microscopic concrements found in the urine of a rat on a vitamin 
A-deficient diet 

Fic. 6. Photomicrograph of a section of the kidney of a rat suffering 
from vitamin A deficiency. Calcium deposits in the tubules stained with 
silver nitrate. 
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THE EFFECT OF IRRADIATION AND COD LIVER OIL ON 
THE CALCIUM BALANCE IN THE ADULT HUMAN. 


By MERRILL C. HART, DEE TOURTELLOTTE, anp FREDERICK 
W. HEYL. 
(From the Research Laboratories, The Upjohn Company, Kalamazoo.) 


(Received for publication, October 7, 1927.) 


Little of the great mass of work on the question of phosphorus 
and calcium retention has been carried out on the adult normal 
human and still less on the various clinical conditions, such as 
delayed fracture, anaphylaxis, asthma, hay fever, and various 
inflammatory skin conditions in which calcium medication is em- 
ployed. For conditions of hyperirritability also there are fre- 
quently employed various dietary revisions which would appear 
to lead to calcium retention. The clinical results are confusing, 
and it is an open question whether the methods, such as irradia- 
tion and the administration of cod liver oil, which have such pro- 
nounced effects in this direction, when employed in the growing or 
in the rachitic young, can be shown to have a similar effect on the 
mature patient. 

Butter fat did not improve a negative calcium balance in cows, 
but the addition of calcium salts proved effective (1). Steenbock 
and Hart (2) found that the addition of cod liver oil produced a 
positive balance in goats and in rachitic infants cod liver oil has a 
powerful favorable influence on calcium retention, as has light (3). 
Henderson and Magee (4),and Hart, Steenbock, and Elvehjem 
(5) showed that irradiation reduced fecal calcium excretion in 
lactating goats. McCollum has shown the increased deposition 
of calcium and phosphorus in growing rachitic bones as a result 
of irradiation. 

Where the rachitic lesion is absent, the effects of both cod liver 
oil and irradiation on retention are not pronounced, but even here, 
where the dietary Ca : P balance is poor, a favorable influence 
is noted. Where the balance is correct, light and vitamin effects 
are at a minimum (2). 
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Hart, Steenbock, Scott, and Humphrey (6) recently showed that 
if the calcium content of the ration of a milking cow is increased 
to a certain point calcium equilibrium was established in or out of 
sunlight. It has been shown that a mature dry goat in negative 
calcium balance or equilibrium on a diet deficient in antirachitic 
factor could by 20 minutes daily irradiation store calcium (5). 
Sjollema (7) found that cod liver oil had a remarkably favorable 
influence in favoring calcium retention in the mature rabbit and 

TABLE I. 


Effect of Ultra-Violet Light upon Balance of Calcium, Phosphorus, and 
Magnesium. 
































Control. Irradiation. 

II, iccs cits vncernntoivens I | mu | iw IV V 

Calcium. gm, gm. gm. gm. gm. 
Tnteke, 5 days..........200 0.720 | 0.720 | 0.720 | 0.720 | 0.720 
OE ke ccceciscnvien 0.421 0.416 | 0.416); 0.411 0.469 
SN, PO ede dwnranneuwes 1.125 0.860 0.722 | 0.927 | 1.060 
Qo | eee 1.546 | 1.276] 1.138 | 1.338} 1.529 
Balance, per day........... |-0.16 |—0.11 |—0.08 |—0.12 |—0.16 

Phosphorus. 
Intake, 5 days..............| 4.20 4.30 4.35 4.35 4.35 
DL A Nwkaeeebinanes 3.606 | 3.528} 3.504 | 3.680 | 3.400 
NR I OP nira ohana mien 1.946 1.137 0.949 0.841 1.157 
Total output...............| 4.652 | 4.665 | 4.453 | 4.471 | 4.557 
Balance, per day............ i-0.09 |—0.07 |—0.02 |—0.02 |—0.04 

| 

Magnesium. 
Intaies, & GAS... ...650 000 | 0.960 | 1.015} 1.045 | 1.045 | 1.045 
UO cee ctineal | 0.415 | 0.423 | 0.425] 0.461 | 0.394 
O_o re 0.565 | 0.676} 0.592 | 0.657 | 0.877 
Total output............... | 0.980} 1.099] 1.017| 1.118] 1.271 
Balance, per day........... | 0.0 —0.01 /+0.01 |—0.01 |—0.04 





that this occurred whether the food was rich or poor in calcium. 
It is, therefore, quite generally held that the same methods 
described above will produce calcium and phosphorus storage in 
the depleted mature human. Bogert and Trail (8), in fact, using 
4 day metabolism periods, have reported retention due to the ad- 
dition of 72 gm. per day of butter fat, but none when the addition 
amounted to 50 gm. On the other hand, Kroetz (9) showed a 
reduced calcium retention following irradiation. 
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EXPERIMENTAL. 


The subject of this experiment, an adult male weighing 63.6 
kilos, subjected himself for about 3 months to an almost uniform 
diet excepting that after the first 25 day metabolism study there 
was an interim for about a week before he again entered upon 
another 25 day period. Then after another week’s rest, the cod 
liver oil experiment was carried out. 


TABLE II. 
Intake, Output, and Balance for Calcium, Phosphorus, and Magnesium; 
Intermediate Control Period. 





























NS EE IEEE: | wr | Vil vir | ix | Xx 
Caleium. gm. gm. gm. gm. gm. 
Euteme, 5 Gage......0..55555.. _ 0.730 | 0.730 | 0.730} 0.7 0.730 
Pe EO aw seenacwene 0.481 0.461 0.473 | 0.509 | 0.569 
RS ER cor ernercnnes aera 1.177 | 0.83 0.765 1.024 | 0.728 
POOR OUIDUE. .... 6c ccsscsces 1.658 | 1.291 1.238 | 1.533 | 1.297 
Balance, per day........... —0.19 |-—0.11 |-—0.10 |—0.16 |-—0.11 
Phosphorus. 
Se ere res 4.330 | 4.160 | 4.285 | 4.370 | 4.160 
ee I” ev eecnnawass 4.45 3.26 3.318 | 3.318 | 3.532 
eS “eisencastenten 0.986 | 0.977 | 0.908 1.125 | 0.92 
Total outpat............0.069 5.436 | 4.237 | 4.226] 4.443 | 4.452 
Balance, per day........... —0.22 |-0.02 |+0.01 |—0.01 |—0.06 
Magnesium. | 
ee errr 0.985 | 0.955 | 0.980 | 0.995 0.955 
SG Aneosoeasanans 0.449 | 0.366 0.42 0.396 | 0.439 
Feces, 5 “ ..........005. 0.853 | 0.802 | 0.619 | 1.018 | 0.574 
Total output... .......s000: 1.302 | 1.168] 1.039 | 1.414] 1.013 
Balance, per day........... '-0.06 |—0.04 |—0.01 |—0.08 |—0.01 





The basal diet, consisting of steak, potatoes, bread, butter 
(75 gm.), coffee, lettuce, bananas, and cream (60 cc.) supplied 
about 0.15 gm. of calcium per day. Slight variations are due to 
substitution of pork chops for steak ; bananas were replaced at times 
with onions, etc. The objective aimed at is not to find out 
whether or not the vitamin factor or the light does or does not have 
an effect, but whether or not by adequate use, either reagent will 
produce an appreciable storage on an acidotic, calcium-deficient 
diet. 
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The results recorded in Table I are reported in 5 day periods. 
Period I is the first 5 day fore period. Periods II, III, IV, and V 
are a 20 day period during which the subject was exposed to ultra- 
violet rays for a daily average of 20 minutes at a distance of 28 
inches. An Alpine Sun Lamp, C1126, manufactured by the 
Hanovia Chemical Company, was the source of the ultra-violet 
rays. A maximum irradiation time of 30 minutes was reached as 

TABLE III, 
Intake, Output, and Balance for Calcium, Phosphorus, and Magnesium; 


Cod Liver Oil Period. 























| Contro! Cod liver oil. 

ie aiSicintinscvevinidons 7 XI XII | xu XIV | XV 

( ‘aleium. gm. gm qm gm. gm 
Intake, 5 days.............. 0.730 | 0.730 | 0.730 | 0.730 | 0.730 
OG ae See: 0.467 | 0.449 | 0.493 | 0.531 | 0.457 
te BD © oo ciiwnsescs 1.115| 1.106] 0.97 | 0.848 | 0.998 
Total cutat.........56 66500. | 1.582 | 1 555 | 1.463 | 1.379] 1.455 
Balance, per day....... ...{-0.17 0.16 |—0.15 0.13 |—0.14 

Phosphorus. | 
Intake, 5 days.............. 4.370| 4.370| 4.370] 4.370| 4.370 
Urine, 5 “ ......... veo OH 3.61 | 3.584] 3.718 | 3.164 
Feces, 5 “ ..........000. | 1.073 | 1.312] 1.289 | 1.088 | 1.383 
Total output............... | 5.383 | 4.922) 4.873 | 4.806 | 4.547 
Balance, per day............|—0.20 |—0.11 |—0.10 |—0.09 |—0.04 

Magnesium. | 
putame, S Gays... .2..5...5. | 0.995 | 0.995 | 0.995 | 0.995 | 0.995 
Ie. cei uecandiews | 0.410 | 0.423 | 0.385 | 0.379 | 0.359 
ee Be nc ccsccesins | 0.832 | 1.095 | 1.097 | 0.974 | 1.149 
Total eutpat........0.00000: | 1.242] 1.518 | 1.482 | 1.353 | 1.508 
Balance, per day........... |—0.05 i—0.10 |—0.10 |—0.07 |—0.10 





rapidly as possible. The balances for calcium, phosphorus, and 
magnesium are shown in Table I. 

After a rest period the subject returned to the diet for a period 
of 25 days. We report these five periods as Nos. VI, VII, VIII, 
IX, and X. The balances are reported in Table II. 

After a rest period, and another fore period, No. XI, the sub- 
ject added cod liver oil, 4 cc. three times a day (between meals) to 
his intake during Periods XII, XIII, XIV, and XV. The bal- 
ances are reported in Table IIT. 
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The oil used had been tested by the method given by Steen- 
bock, Hart, Hoppert, and Black (10). It was active in healing 
rickets in white rats in a dosage of 18.5 mg. daily. 


DISCUSSION. 


A review of the results obtained in respect to calcium retention 
by irradiation, Periods II to V inclusive, shows that the calcium 
balance which averaged —0.12 gm. is identical with the average 
loss during the comparable Periods VII to X inclusive. The de- 
creased fecal calcium noted by Henderson is not found in this case. 
The average daily phosphorus loss during irradiation amounted to 
—0.04 gm., while in the control period we found—0.025 gm. Light 
had possibly a slight favorable effect on the magnesium balance. 

During the cod liver oil period, Nos. XII to XV inclusive, the 
average calcium balance found was —0.145 gm. compared with 
—(.12 gm. during the control period, so that the oil is shown not 
to decrease the calcium losses. The phosphorus loss is slightly 
increased during the feeding of cod liver oil, the balance being 
depressed from —0.025 gm. to —0.09 gm. In the same way 
there is an increased drain of magnesium. 


CONCLUSION. 


1. An adult male upon an acidotic calcium-deficient diet, shows 
no increased tendency to calcium, phosphorus, or magnesium re- 
tention as a result of daily radiation for a period of 20 days. 

2. Upon this acidotic diet, the addition of cod liver oil in quan- 
tities amounting to 12 ce. daily failed to show an increased tend- 
ency to calcium, phosphorus, or magnesium retention. 
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INTRODUCTION, 


In a preceding paper! we have described a method for obtaining 
from jack bean meal a crystalline protein which we believe to be 
identical with the enzyme urease. The method of preparation 
is very simple and subjects the enzyme to a minimal amount of 
treatment. The product can be recrystallized.2 The crystals 
have been found, in one instance, to increase in activity from 
115,000 to 129,000 units per gm. by the recrystallization. An 
improved method of estimating urease activity has been employed 
in determining these values. 

Recrystallized urease is 730 times more active than the most 
active jack bean meal that we have tested and is 1400 times more 
active than the “‘Arlco” jack bean meal that we have been receiv- 
ing during the past year. It can readily be seen that the number 


* The work described in this paper has been made possible by a grant 
from the Heckscher Research Council. 

1 Sumner, J. B., J. Biol. Chem., 1926, Ixix, 435. 

* Sumner, J. B., J. Biol. Chem., 1926, Ixx, 97. 
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of times the enzyme can be purified in the process of preparation 
must depend upon its original concentration in the raw material. 
The successful isolation of urease has been due largely to the rela- 
tively great amount present in the jack bean. The soy bean 
contains so much urease that soy bean meal has been used success- 
fully for the analysis of urea and yet if one were to obtain urease 
crystals of equal activity from the soy bean it would be necessary 
to concentrate the material something like 8400 times,’ a feat that 
seems utterly impossible to accomplish with our present method. 
A large number of questions regarding the analysis and proper- 
ties of crystalline urease remain to be answered and we had hoped 
to be able to present a considerable amount of evidence in this 
paper. Most unfortunately we have been unable, for the past 
year, to procure jack bean meal of satisfactory quality. That 
which we have purchased contains only slightly more than one- 
half as much urease as was present in the meal formerly available. 
The unsatisfactory meal when subjected to our method gives only a 
few crystals, or none at all, unless acid is added to the acetone 
extract. The crystals that are obtained by adding acid furnish 
urease solutions that are only one-half as active per unit of weight 
of dry matter as the urease solutions prepared from the best meal. 
The crystals obtained from the poor meal can be purified consider- 
ably by recrystallizing, but the yield is low. On this account we 
have postponed certain problems and have undertaken others that 
seemed to be less dependent upon the purity of the urease. 


Determination of Urease Activity. 


Early in our work it was discovered that crystallized urease 
differs from impure urease in being destroyed very rapidly when 
greatly diluted with distilled water. This effect caused difficulty 
at first in making accurate determinations of the activity of solu- 
tions of crystallized urease because of the necessity of diluting 
the urease to a convenient strength for testing. Later, it was 
found that 2 per cent gum arabic solution protects crystalline 


3’ The jack bean has been stated to contain about 15 times more urease 
than the soy bean (Mateer, J. G., and Marshall, E. K., Jr., J. Biol. Chem., 
1916, xxv, 297), but we have found our best jack bean meal to contain only 
1i times more urease than a sample of soy beans ground by us (see Table 


III). 
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urease completely against the destructive action of distilled water 
and accordingly we have used gum arabic as a diluent whenever 
urease activity was determined. Quite recently we have dis- 
covered that the destructive effect of our distilled water is con- 
siderably diminished if the water is boiled in glass and that water 
distilled from glass has no destructive action whatsoever. Analy- 
sis has shown that our Barnstead still water contains an extremely 
minute amount of lead. We have as yet been unable to detect 
other metals. 

The urea-phosphate solution that we have been using to de- 
termine urease activity is somewhat on the acid side of the pH 
optimum. We have found that the pH optimum for the action 
of crystalline urease is 7.0, when a solution containing 3 per cent 
of urea and 9.6 per cent of phosphates is used and 1 volume of this 
solution is added to 1 volume of the urease. As we dilute our 
urease solutions so that only about 1 mg. of ammonia nitrogen is 
formed from each ec. of urea-phosphate, not enough alkalinity is 
developed to change the reaction of the medium appreciably. The 
2 per cent gum arabic that we have used to dilute the urease does 
not possess enough buffer action to affect the reaction of the urea- 
phosphate. It is prepared by dissolving 100 gm. of powdered 
gum arabic in 1 or 2 liters of hot, distilled water and adding 41 
ec. of 0.1 N sodium hydroxide to reduce the acidity. The solution 
is cooled, diluted to a volume of 5 liters, and preserved with 
toluene. The pH value has been found to be between 6.1 and 6.2. 

The urea-phosphate that we have used to obtain the results 
reported in this and in past papers contains 3 per cent of urea, 5.4 
per cent of NasHPO,, and 4.2 per cent of KH2PO,. The urea- 
phosphate solution for the determination of urease action at pH 
7.0 contains 3 per cent of urea, 6.8 per cent of NazgHPO,, and 2.8 
per cent of KH,PO,. The urea-phosphate solutions are preserved 
with toluene and are renewed every 2 weeks. Our method of 
testing the activity of solutions of crystalline urease by direct 
Nesslerization has been described in a previous paper.!_ However, 
it should be stated that before Nesslerizing one should add to the 
standard exactly as much of the urea-phosphate solution as is 
present in the unknown, for urea-phosphate influences the de- 
velopment of color. When acetone or more than a trace of 
protein is contained in the urease solution, that is being tested, it 
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is always necessary to determine the ammonia, that has been 
formed, by the aeration method. We have used the method of 
Van Slyke and Cullen‘ followed by titration with 0.01 N barium 
hydroxide, methyl red being used as indicator. 

For the determination of urease in jack bean meal we weigh 
out from 0.13 to 0.30 gm. of the finely powdered meal into a 150 
ec. Erlenmeyer flask and add 20 ce. of distilled water at 20°C. 
The meal is mixed well with the water and the flask is immersed 
in a water bath kept at 20°C. We then add 20 ce. of urea- 
phosphate solution which has been previously brought to 20°C., 
mix, and allow the action to proceed for 5 minutes. At the end 
of the 5 minute interval the reaction is stopped by adding 20 ce. 
of n hydrochloric acid. The contents of the flask are mixed well, 
care being taken that the acid reaches particles of the meal that 
have adhered to the sides. A 5 cc. aliquot is removed and the 
ammonia present is determined by aeration. Approximately 
1 mg. of ammonia nitrogen should be produced by the urease for 
each cc. of the urea-phosphate used. The result is expressed as 
the number of units of urease per gm. of meal. The unit has 
already been defined as the amount of urease which will produce 
1 mg. of ammonia nitrogen from urea in 5 minutes at 20°C. 


Are the Octahedral Crystals Identical with Urease? 


In reply to those who would have it that urease is present in the 
octahedral crystals as an adsorbed impurity we wish to draw 
attention to the very great increase in concentration that occurs 
when urease separates from its solution in dilute acetone and forms 
crystals. Before the crystals appear the filtrate (from the best 
meal), contains about 21 units of urease per cc. The density of 
the crystals being assumed to be the same as that of gelatin, it is 
calculated that 1 cc. of urease crystals would have an activity of 
154,000 units. This enormous increase in concentration can 
hardly be attributed to adsorption. 

Convincing evidence that the octahedral protein crystals are 
identical with urease is the fact that the activity increases upon 
recrystallizing. If urease were present as an impurity one would 
expect it to be diminished in amount by recrystallization. 


‘ Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1914, xix, 211. 
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Adsorption of Urease by Concanavalin B. 


The adsorption theory as an explanation of the presence of 
urease in the octahedral crystals would be more tenable if other 
crystallizable proteins of the jack bean had a proportionate ability 
to carry down urease from solution. In order to test this point 
concanavalin B® was allowed to crystallize from a chilled 30 per 
cent alcoholic extract of jack bean meal. The crystals were 
centrifuged off and after washing once with 32 per cent acetone 
and once with water were found to contain only a small quantity 
of urease. The details of two experiments of this sort are given 
below and in Table I are shown also the units of adsorbed urease 
removed by 32 per cent acetone and by water and the units per 
gm. of concanavalin B that remain adsorbed or included. 





TABLE I. 

DINE DR naiackvein euaus), Retacinans aaeneouaese ‘ 1 3 
Urease units per cc. of alcoholic filtrate. caeweae 24 | 21 
Units removed by washing crystals with 32 per cent | 

Rs bs Acccan ens aeaioes xesuas cswentebewnwenssee | 117 56 
Units removed by washing crystals with water. a 43 

—  . . . Serer | 51 76 
Total concanavalin B present, mg. RENE pr eee | 79.7 84.6 
Units per gm. of washed concanavalin B.............. 640 900 





300 gm. of jack bean meal (91 units per gm.) were mixed with 
900 ec. of 30 per cent alcohol at 22°C. and the material was filtered 
by gravity into a container that was cooled with ice. After 3 
hours of filtering the filtrate was placed on ice and left for 2 days. 
At the end of this time the liquid was allowed to warm to 19°C., 
stirred thoroughly, and tested for urease activity. The needles 
of concanavalin B were centrifuged off and drained and were 
washed with 40 ec. of 32 per cent acetone containing a little 
phosphate at pH 6.1. After centrifuging, the supernatant liquid 
was decanted and tested for urease activity. The crystals were 
stirred with 30 cc. of distilled water and again centrifuged, and 
the wash water tested for urease activity. The crystals were then 
stirred up with 7 cc. of water and tested for their activity, an 


5 Sumner, J. B., J. Biol. Chem., 1919, xxxvii, 137. 
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aliquot of the suspension being used. A part of the suspension 
was analyzed for total nitrogen by the Kjeldahl method. In 
order to be certain that the insolubility of the needles in water and 
in the urea-phosphate solution was not the cause of the low urease 
activity, 1 ec. of a suspension of the needles was treated with 10 
ec. of 0.06 N ammonium hydroxide. The needles dissolved com- 
pletely after the material had been left on ice for about 2 hours. 
The solution was tested for urease action, a correction being 
applied for the ammonia already present. This determination 
checked reasonably well with the one made on the undissolved 
crystals. Previously we had tried dissolving the crystals in 10 
per cent sodium chloride but this procedure inactivated most of 
the urease. 

Another experiment of a somewhat different kind was carried 
out incidental to the recrystallization of urease. The crude urease 
solution, which contained between 500 and 600 units per cc. 
deposited 116.6mg.of concanavalin Bneedles. These were washed 
with 32 per cent acetone and then with water. The wash water 
contained 191 units of urease. Analysis of a suspension of the 
washed crystals of concanavalin B showed them to contain 1600 
units per gm. 

A comparison of the small and variable quantity of urease 
carried down by a gm. of concanavalin B needles with the figure 
of 129,000 units per gm. found in our purest octahedral crystals 
makes it appear likely that if the former association is an example 
of adsorption the presence of urease in the latter case can hardly 
be attributed to the same cause. 


Purification by Adsorption. 


The method for purifying enzymes that is most frequently 
employed at the present time is by preferential adsorption. In 
past years we have attempted to concentrate jack bean urease by 
adsorption to kaolin, calcium phosphate, aluminum hydroxide, 
and many other adsorbents at pH 5.8 with subsequent liberation 
at neutrality but have become convinced that the amount of 
purification possible by this means is limited. 

The extensive investigations of Willstitter and his pupils of the 
purification of various enzymes are good evidence of the impos- 
sibility of isolating enzymes by adsorption. Willstatter has 
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found that the purity of his product increases steadily up to a 
certain point beyond which further progress cannot be made. 
Because of his negative results he has held to the belief that an 
enzyme is a substance of unknown chemical nature that requires a 
non-specific carrier for its existence. He claims that it has not 
yet been possible to separate the chemically active group from 
the colloid that supports it.® 

The theory of the necessity of a non-specific colloidal carrier 
may have arisen on account of the great sensitiveness of purified 
enzymes to traces of heavy metals and other paralyzers. Our 
finding that crystalline urease is so much more readily poisoned 
by water distilled through a metal condenser than is impure urease, 
and that crystalline urease is protected from this effect by colloids 
and other substances,’ indicates how the idea of a non-specific 
carrier may have arisen. 

Recently Euler and Brunius* have attempted to purify jack 
bean urease by adsorption with kaolin, among other substances, 
and in one case report a 5-fold increase in urease activity. This is 
in contrast with the increase of 730 times which can be achieved 
by crystallization. We do not wish to imply that a considerable 
amount of purification cannot be effected by adsorption methods 
when properly carried out and indeed we have succeeded in purify- 
ing urease considerably by this means but progress possible by 
adsorption methods is limited and the yields are low. 


Jack Bean Meal of Low Urease Content. 


While the best jack bean meal that we have obtained contains 
175 units of urease per gm., the meal available for the past year 
has an activity of only 91 units per gm. and yields but a trace of 
urease crystals, or no crystals at all, unless the usual procedure is 
varied by adding acid to the dilute acetone filtrate. Euler and 
Brunius® report that they have been unable to obtain urease 
crystals by our method. Beyond a doubt their failure has been 
due to the use of inferior meal. As modified for use with the poor 
meal the procedure consists in making the dilute acetone extract 
as usual and allowing it to filter in an ice chest. When filtration 


6 Willstitter, R., Ber. chem. Ges., 1926, lix, 1. 
7 Sumner, J. B., Proc. Soc. Exp. Biol. and Med., 1927, xxiv, 287. 
8 Euler, H., and Brunius, E., Biochem. Z., 1927, elxxxiii, 1. 
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is complete one adds, with rapid stirring, 10 cc. of 0.2 N acetic acid 
and then allows the liquid to remain overnight on ice. The 
next morning the urease crystals are centrifuged off and washed 
twice with ice-cold 32 per cent acetone to which a little phosphate 
of pH 6.1 has been added. The phosphate makes the urease 
crystals less soluble in the 32 per cent acetone. 

Unfortunately the addition of the dilute acetic acid to the 
acetone filtrate causes the precipitation of so much protein im- 
purity that the urease which is obtained by dissolving the crystals 
in water is comparatively impure and possesses an activity of 
only 50,000 to 60,000 units per gm. in contrast to 100,000 
to 115,000 units per gm. for urease that is prepared from the best 
meal. After one recrystallization the activity rises to about 
80,000 units per gm. and in one instance, by recrystallizing twice, 


TABLE II. 

175 unit 91 unit 

meal meal 

Total units in 100 gm. of meal. TS ee 9100 
4 “extracted by solvent. Tee. f 6300 

1 “ in filtrate. erecta sit ae a bem aais 6510 3906 
Unite im CPyGtOls... «2... cccsccces lay gis tae ee | §=©2600 | 0 
ie ae | 3910 3906 


“in crystals obtained by adding acid............. 1580 


we have obtained a product that possessed an activity of 97,000 
units per gm. In Table II we present figures that illustrate the 
extraction of urease both from the good meal and from the poor 
meal. The figures show how much urease is dissolved by the 
solvent, how much passes into the filtrate, and how much crystal- 
lizes out during the cooling. The values for the total units ex- 
tracted by the solvent were obtained by multiplying the number 
of ec. of solvent used, in this case 500, by the number of units of 
urease per cc. of the filtrate before crystallization had occurred. 
The values for the urease units remaining in the filtrate were 
obtained by subtraction. It can be seen that the filtrate from the 
poor meal does not contain enough urease to make a saturated 
solution when cold, for its initial urease concentration is almost 
exactly equal to the urease concentration of the filtrate from the 
good meal after crystallization is complete. 
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We have determined the urease activity of three samples of 
jack bean meal, of one sample of jack beans recently obtained 
from Mineola, Texas, and of one sample of soy beans and have 
come to the conclusion that the best that can be done at present 
is to use the meal that is available and to prepare urease crystals 
by adding acid, as described above. Since jack beans which 
we purchased recently have been found to contain even less urease 
than the Arlco meal it seems likely that the low urease content 
of the latter product is not due to a faulty method of preparation 
but to some unknown factor that has influenced the quality of the 
present crop of jack beans. 


TABLE III. 
Urease Content of Meal and Beans. 





| Urease units 











per gm 
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Can the Octahedral Crystals Be Obtained Free from Urease Activity? 


It is well known that extremely small quantities of mercuric 
salts possess a marked ability to inactivate urease. In an effort 
to produce octahedral crystals without urease activity we mixed 
100 gm. of jack bean meal with 500 cc. of 31.6 per cent acetone to 
which had been added 2 cc. of 17 per cent potassio-mercuric iodide. 
The material was stirred, filtered in the ice chest, treated with 10 
cc. of 0.2 N acetic acid, and kept on ice 3 days, but no urease 
crystals were found. The filtrate possessed no urease action, 
although a trace of urease could be detected after adding a solu- 
tion of hydrogen sulfide in phosphate. Apparently the potassio- 
mercuric iodide had reacted with practically all the urease and 
prevented it from passing through the filter. Under ordinary 
conditions, urease destroyed by mercury salts can be largely 
reactivated by addition of buffered hydrogen sulfide. 

In another experiment only 0.5 cc. of the potassio-mercuric 
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iodide was used. Again no crystals separated but the filtrate 
possessed an activity of 5.0 units per cc. In this case not enough 
of the mercuric iodide was present to inactivate all of the urease 
but sufficient urease was precipitated so that the remaining enzyme 
solution was too dilute for the formation of crystals. 

When only 0.2 cc. of the potassio-mercuric iodide, containing 
8.8 mg. of mercury, was employed, urease crystals could be found 
in the filtrate after cooling. These crystals possessed urease 
activity. 

Since the jack bean meal used contained 91 units of urease per 
gm. and our purest urease has an activity of 129 units per mg., 
it can be calculated that the 100 gm. of meal employed contained 
no more than 70.5 mg. of urease. The other protein material 
present in the meal is estimated to be 31,000 mg. The ability of 
0.5 ec. of the 17 per cent potassio-mercuric iodide to prevent the 
formation of urease crystals in spite of the presence of so much 
protein would lead one to believe that mercury salts possess a 
high affinity for urease. 

It is significant that potassio-mercuric iodide, which is so potent 
in causing the inactivation of urease, should so effectively prevent 
the formation of the octahedral crystals. In our experiments the 
octahedral crystals have never been formed when the filtrate 
possessed little or no urease activity. 


Inactivation of Urease by Impurities in Distilled Water. 


The properties of crystalline urease are different from those of 
impure urease in that the crystallized enzyme is very rapidly 
destroyed when highly diluted with water that has been distilled 
through a metal (block tin) condenser, and is largely destroyed by 
drying. When crystalline urease is diluted with approximately 
100,000 times its weight of this distilled water at 20°C. about 80 
per cent of the enzyme is inactivated within 2 minutes time.’ 
In more concentrated solutions, as when one part of the urease is 
diluted with only 1300 parts of the distilled water, the percentage 
of the urease destroyed is so small that it cannot be detected. In 
this case the amount of paralyzing substance present, relative to 
the quantity of enzyme, is much less. 

The curves, plotted in Fig. 1, illustrate the inactivation of 
crystalline urease by the distilled water and the effect of gum 








XUM 





trate 
ough 
rease 
zyme 


ining 
ound 
rease 


e per 
mg., 
Lined 
erial 
ty of 
t the 
ouch 


SS a 


tent 
vent 
; the 
rate 


se of 
idly 
illed 
1 by 
tely 
t 80 
me.? 
se is 
rage 

In 


e to 


1 of 
rum 











J. B. Sumner and D. B. Hand 159 


arabic and egg albumin in preventing this reaction. In all cases a 
concentrated solution of urease has been mixed at zero time with a 
sufficient volume of the diluent to give a calculated concentration 
of 1 unit of urease per cc. The temperature of the solutions has 
been kept at 20°C. both at the start and during the experiments. 

The view that the trace of lead in the water is the destructive 
factor rather than the distilled water itself, as was formerly 
believed, is upheld by the facts that the water when redistilled 
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Fic. 1. Inactivation of crystalline urease by distilled water and its 
protection by gum arabic and ovalbumin. 


from glass is not destructive and that hydrogen sulfide renders 
the water harmless. 

As has already been stated,’:? destruction of crystalline urease 
by the water is prevented by colloids, amino acids, phosphate 
buffer, acetate buffer, buffered cyanide, carbonic acid, and to a 
slight extent by sodium sulfate. 

When a solution of impure urease, prepared by extracting 100 
gm. of jack bean meal with 300 cc. of 30 per cent alcohol and filter- 


* Sumner, J. B., J. Biol. Chem., 1927, Ixxiv, p. lxi. 
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ing, is diluted until it contains only 1 unit of urease per cc. and is 
allowed to react with urea-phosphate over a 5 minute interval 
there is no measurable inactivation of the enzyme, even after some 
hours, because of the protective action of proteins and other 
impurities that are present. Consequently no protective effect 
can be demonstrated by adding such substances as gum arabic or 
glycocoll. However, if the alcoholic urease solution is diluted 
until it contains only 0.1 unit per ce. and is allowed to react with 
urea-phosphate for an interval of 50 minutes the addition of 
protective agents has an appreciable effect. 

In general it can be said that impure solutions of urease are not 
affected by protective agents unless the enzyme is very greatly 
diluted and allowed to react over extended periods of time. 

The influence of amino acids, proteins, .phosphates, and alu- 
minum salts upon the saccharification of starch by amylase was 
discovered by Effront'® in 1892, and this effect has been in- 
vestigated by Effront,'—“ Ford,” Ford and Guthrie,’ Terroine 
and Weill,” Rockwood,'*!° Sherman and Walker,?°-* Sherman 
and Naylor,” and others. Armstrong and Horton™ first dem- 
onstrated that glycine influences the activity of soy urease and 
Margarete Falk® reported that rabbit serum contains a non- 
dialyzable ‘‘auxo”’ urease. The auxo (perhaps more correctly the 
protective) action of various substances upon urease has been 


10 Effront, J., Compt. rend. Acad., 1892, ii, 1324. 

11 Effront, J., Mon. sc., 1893, xli, 266. 

12 Effront, J., Compt. rend. Acad., 1895, exx, 1281. 

13 Effront, J., Bull. Soc. chim., 1904, xxxi, 1230. 

14 Effront, J., Mon. sc., 1904, Ixi, 581. 

16 Ford, J. 8., J. Soc. Chem. Ind., 1904, xxiii, 414. 

16 Ford, J. S., and Guthrie, J. M., J. Chem. Soc., 1906, Ixxxix, 76. 

17 Terroine, E., and Weill, J., Compt. rend. Soc. biol., 1912, Ixxii, 542. 

18 Rockwood, E. W., J. Am. Chem. Soc., 1917, xxxix, 2745. 

19 Rockwood, E. W., J. Am. Chem. Soc., 1924, xlvi, 1641. 

20 Sherman, H. C., and Walker, F., J. Am. Chem. Soc., 1919, xli, 1866. 

21 Sherman, H. C., and Walker, F., J. Am. Chem. Soc., 1921, xliii, 2461. 

22 Sherman, H. C., and Walker, F., J. Am. Chem. Soc., 1923, xlv, 1960. 

23 Sherman, H. C., and Naylor, N. M., J. Am. Chem. Soc., 1922, xliv, 
2957. 

24 Armstrong, H. E., and Horton, E., Proc. Roy. Soc. London., Series B, 
1912-13, Ixxxv, 109. 

25 Falk, M., Biochem. Z., 1914, lix, 298. 
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studied by Jacoby and Umeda,”* Rockwood,'!* Nakagawa,?’ 
Rockwood and Husa,?* Rosenfeld,?® Taubman,*® Jacoby and 
Rosenfeld,** Husa,** and several others. 

Of these authors Sherman and his collaborators and Nakagawa 
appear to have been the only ones who have stated definitely that 
the effect of the added substance upon the enzyme is protective 
in nature. Sherman and his collaborators believe that the action 
of amino acids on amylase is due to a prevention of hydrolysis 
of the enzyme. More recently Dawson*® has claimed that amino 
acids exert a protective effect on pancreatic lipase and Nord*™ 
has stated that the so called activators are really protectors. It is 
worth noting that Sherman and Walker” make the statement that 
a purified enzyme is more favorably affected by the addition of 
amino acids than is an impure enzyme. The truth of this state- 
ment is strikingly demonstrated by experiments upon crystalline 
urease. 

We have found that urease that has been largely inactivated by 
water distilled from metal can be parily reactivated by adding 
either amino acids or gum arabic. The maximum regeneration 
found has been 30 to 40 per cent of the original activity. It is 
possible that this reactivation has confused some into believing 
in a “promoter”’ effect on the part of the added substance. With 
crystalline urease we have never observed any increase in activity 
caused by addition of protective substance unless the enzyme had 
been previously inactivated. 

Our chief reason for believing that the effect of gum arabic, 
amino acids, and other substances is due to protection instead of 
promotion rests on the following considerations: In our usual 
method of analysis crystalline urease is diluted with a sufficient 
volume of gum arabic to yield a solution containing 1 unit of urease 
per cc. When 1 cc. of urea-phosphate is added to 1 ce. of the 


26 Jacoby, M., and Umeda, N., Biochem. Z., 1915, Ixviii, 23. 

27 Nakagawa, S., Mitt. med. Fakult. Univ. Tokyo, 1921-22, xxviii, 383. 
28 Rockwood, E. W., and Husa, W. J., J. Am. Chem. Soc., 1923, xlv, 2678. 
2° Rosenfeld, L., Biochem. Z., 1924, cliv, 143. 

3° Taubman, G., Biochem. Z., 1925, elvii, 98. 

31 Jacoby, M., and Rosenfeld, L., Biochem. Z., 1925, elviii, 334. 

2 Husa, W. J., J. Am. Chem. Soc., 1926, xlviii, 3199. 

*3 Dawson, E. R., Biochem. J., 1927, xxi, 398. 

4 Nord, F. F., J. Biol. Chem., 1927, lxxiv, p. lviii. 
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diluted urease, a reaction medium is produced that contains 1 
volume of water, 1 volume of urea-phosphate, and 1 unit of urease. 
The same conditions in the reaction medium, but without the 
presence of a protector, can be produced by diluting the con- 
centrated urease directly with urea-phosphate and water. In this 
case the reaction starts immediately, before destruction can take 
place. Both orders of procedure give identical values for urease 
activity. 

Addition of protective agents causes the urease activity to 
approach a maximum which is the value found when urease is 
diluted directly with the substrate, as described above. Most of 
the protectors are only partially effective. Gum arabic is the 
only example we have that gives 100 per cent protection over a 
period of several hours. (See Fig. 1.) No protector which we 
have tested has yielded a urease strength greater than the crystal- 
line urease alone. 

The ready availability of crystalline urease offers a unique 
opportunity for the study of an enzyme that should not be 
neglected. We believe that experiments with impure urease 
preparations should no longer be made, unless for the purpose of 
comparison. The rapid destruction of crystalline urease by 
traces of metals, its reactivation, and protection both by colloids 
and certain inorganic compounds, lead one to believe that many 
interesting and important facts will be brought to light by further 
study. 
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THE PRODUCTION OF HYPERGLYCEMIA BY SUBCU- 
TANEOUS INJECTIONS OF SODIUM ARSENITE 
IN THE RABBIT.* 


By FRANK P. UNDERHILL anp ALICE DIMICK. 


(From the Department of Pharmacology and Toxicology, Yale University, 
New Haven.) 


(Received for publication, October 31, 1927.) 


According to the literature, relative to the action of arsenic in 
the body, the liver plays ari important rdéle since in general it 
serves as a storehouse for the poison, and, in turn, this organ is 
largely affected. In the metabolism of the liver, carbohydrate, 
presumably glycogen, is intimately associated. There are few 
records of the action of arsenic on carbohydrate metabolism. On 
the other hand arsenic has assumed such importance therapeu- 
tically in recent years as to warrant investigation of the influence 
of this poison upon obvious phases of carbohydrate metabolism, 
one of which serves as the subject for the present communication. 

Saikowsky (1) found that non-fatal doses of arsenious and arsenic 
oxides caused an increase in the weight of the liver, fatty degenera- 
tion, and loss of glycogen, and that the latter conditions were even 
more evident than in phosphorus poisoning. The fat of the liver 
was greatly increased, the glycogen present only in traces. As 
the doses employed by Saikowsky were large, Chittenden and 
Blake (2) repeated the experiment with small repeated doses of 
arsenious oxide. Their results indicate a diminution in the weight 
of the liver and the amount of liver fat and an increase in glycogen. 
However, in one rabbit they obtained a complete disappearance 
of glycogen from the liver. In another animal they found a pro- 
nounced fatty degeneration of the liver, and an increase in liver 
weight and liver glycogen. From such results it is difficult to 


* The data are taken from the dissertation presented in 1925 to Yale 
University by Alice Dimick in candidacy for the degree of Doctor of 
Philosophy. 
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draw conclusions, but the data are sufficiently suggestive to indi- 
cate an action on carbohydrate metabolism which is probably 
related to the dosage. After the completion of the present work a 
paper appeared by Van Dyke (3) yielding comparable results with 
intravenous injections of sodium arsenite. Since in some respects 
our results treat of different phases than those covered by Van 
Dyke, it seems desirable to record them here briefly. 


TABLE I. 
Influence of Minimum Fatal Dose of Arsenious Oxide on Blood Sugar and 
Hemoglobin. 
Rabbit I, weight 2 kilos. Injected subcutaneously 8 mg. of AszO, per 
kilo.* 








, | 
Day Soe | Bhedoage, we. Remarks, 
per cent 
1 90 111 
7 
3 75 101 
4 Injected 16 mg. As2Os. 
9 hrs. after injection. 82 260 Soft, unformed feces. 
92 “ “ “ 101 75 
| hCU 7 80 77 Animal paralyzed. 
Heart beat very 
shallow and _ slow. 
Animal died. 











* u.F.D. for rabbits = 8.33 mg. As2O; (Sollmann (4)). 


EXPERIMENTAL. 
Methods. 


In this investigation normal, full grown rabbits were selected, 
irrespective of sex or weight. The animals were maintained upon 
a diet consisting of carrots and oats. In order to obviate the 
influence of food upon the blood sugar content the rabbits were not 
fed on experimental days until the last blood sample for the day 
had been collected. The animals always had access to water. 

Blood was drawn from anear vein. Blood sugar and hemoglobin 
estimations were made by the methods of Folin and Wu and of 
Newcomer respectively. 
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TABLE II. 
Effect of Subcutaneous Injection of Arsenious Oxide upon Blood Sugar Content 
and Hemoglobin. 


Rabbit II, male, weight 1.9 kilos. Injected subcutaneously 3.7 mg. of 
As2Os per kilo. 








a. | Ser | ee | See Remarks, 
per cent 
1 69 153 Negative. 
2 76 140 - 
1 p.m. Injected 7 mg. As2Ox3. 
ils 7 211 Trace. 
es Ot 175 
3 
8 a.m. 71 167 ° 
” 7 162 Trace. 
2 p.m. 7 156 
4 
10 a.m. 65 169 Negative. 
5 
10 a.m. 58 154 

















TABLE Ol. 


Influence of Single Injection of Arsenious Oxide on Blood Sugar Content and 
Hemoglobin. 


Rabbit IV, female, weight 2.28 kilos. Injected subcutaneously 4 mg. of 
As2O; per kilo. 











pes. | Some | Bhedengess | Sapeie Remarks, 
per cent 
1 65 158 
10.15 a.m. Injected 9 mg. As2Q3. 
11.15 “ 55 290 Negative. 
1.15 p.m.| 61 457 ” 
3.35 * 58 339 No urine. 
2 
9.15 a.m.| 58 347 Negative. 
un. * 57 134 - 
3 
9.15 a.m. 55 150 
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The arsenic was injected as sodium arsenite in aqueous solution 
in varying doses, both single and repeated. 


Influence of Single Large Doses of Arsenite. 


According to Sollmann (4) the minimum fatal dose of As,O; for 
rabbits is 8 mg. per kilo. This quantity was injected into one 
animal which died in less than 48 hours. The effect upon blood 
sugar may be seen from Table I. In Tables II and III the in- 
fluence of approximately one-half this dose may be seen. From 
these experiments it is evident that a marked hyperglycemia is 
present within a few hours. 


Influence of Repeated Large Doses of Arsenite. 


In Table IV may be found the effect of repeated doses of ap- 
proximately one-half the minimum lethal dose. It will be noted 
that the hyperglycemia promptly appears after each injection and 
that it quite rapidly falls to near the normal limits. 


Influence of Repeated Small Doses of Arsenite. 


Tables V and VI are illustrative examples of the effect of re- 
peated small doses of sodium arsenite. It will be observed that 
the influence of the small doses is much less marked than with the 
larger doses. With the smallest dose there may or may not be an 
increased blood sugar content. 


DISCUSSION, 


In attempting to interpret the observations herein recorded, 
it may be recalled that in arsenic poisoning a condition exists which 
may resemble the changes found in phosphorus and chloroform 
poisoning. In these conditions it is assumed that carbohydrate 
metabolism is involved. In how far arsenic may be included in 
the category with phosphorus and chloroform is still uncertain. 
Allen (5) states that “phosphorus and arsenic in exceptional in- 
stances cause glycosuria; and since their action is largely upon 
the liver, the glycosuria may perhaps be due to a sudden dropping 
of glycogen by the poisoned hepatic cells.’”” Begemann (6) also 
found that arsenious acid diminishes alimentary glycosuria. 
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Masing (7) has shown that arsenic reduces the oxidation in the 
liver but without increasing the carbohydrates. 

The striking feature of the experiments submitted here is the 
marked hyperglycemia in certain instances without the appear- 


TABLE IV. 
Influence of Repeated Injections of Arsenious Oxide upon Blood Sugar Content 
and Hemoglobin. 
Rabbit III, male, weight 1.8 kilos. Injected subcutaneously 4 mg. 
of As2O; per kilo. . 











Dey. | Homo | Blood eupar. me. | Sune in Remarks, 
per cent 
1 71 124 
2 80 132 
9.20 a.m. Injected 6 mg. As2Os3. 
10.20 “ 80 197 
12.20 p.m. 79 388 
2.20 “ 76 343 Trace. 
4.20 “ 73 246 
6.20 “ 69 110 
3 
9.20 a.m. 77 117 Trace. 
12.20 p.m. 76 120 
4 
9.20 a.m. 73 152 
5 
9.20 a.m. 79 140 
6 
9.20 a.m. Injected 5 mg. As20Os. 
10.20 “ 70 157 Diarrhea. 
12.20p.m.| 80 248 
3.20 “ 77 
7 
9.20 a.m. 94 
2.20 p.m. 68 127 Animal died 2 days later. 














ance in the urine of more than insignificant traces of sugar. Kid- 
ney function as indicated by urinary volume and appearance did 
not appear to be altered. In some instances, however, a con- 
siderable quantity of albumin was present, pointing to a detri- 
mental] influence upon the renal organs. 
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Examination of the livers for glycogen revealed its presence in 
only very small quantities. In view of these facts the most ob- 
vious explanation of the action of arsenic upon this phase of carbo- 
hydrate metabolism is increased glycogenolysis resulting in hyper- 
glycemia which is emphasized by an effect upon the kidney 


TABLE V. 


Influence of Repeated Injections of Arsenious Oxide upon Blood Sugar Content 
and Hemoglobin. 


Rabbit V, female, weight 2.2 kilos. 




















Der. | Boer | Poodngpeame | Sumi | Remarks 
per ce nt Pony —— 
1 58 91 
2 
12 p.m. Injected 1 mg. As,0, 
per kilo. 
i 56 126 Negative. | Slight trace of albu- 
min. 
3 
12 p.m. 63 120 Negative. 
4 
12 p.m. 63 122 Negative. | Trace albumin. In- 
jected 1 mg. As.0, 
per kilo. 
5 64 141 Negative. 
6 58 95 ” Injected 2 mg. As:O; 
per kilo. 
7 62 168 ” No diarrhea. 
8 “ 
10 77 198 Injected 3 mg. As;0; 
per kilo. 











whereby the renal threshold for sugar is increased. The blood 
sugar content is far above that usually provocative of a distinct 
glycosuria. That the hyperglycemia is not due to a marked 
concentration of the blood is indicated by the lack of significant 
changes in the hemoglobin content. 
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TABLE VI. 
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Influence of Repeated Injections of Arsenious Oxide upon Blood Sugar Content 
and Hemoglobin. 


Rabbit VI, male, weight 2.5 kilos. 





Hemo- 


Blood sugar, mg. 























Day. globin. per 100ce, Sugar in urine, Remarks, 
per cent 
1 89 69 
2 
12.10 p.m. Injected 1 mg. 
As2O; per kilo. 
a * 96 94 Negative. 
3 
12.10 p.m. 92 114 Negative. 
4 : 
12.10 p.m. 86 96 Slight trace. 
12.20 “ Injected 1 mg. 
As20; per kilo. 
5 
12.20 p.m. 91 104 Slight trace. 
6 
12.10 p.m. 79 113 Slight trace. 
12.20 “ Injected 2 mg. 
AsO; per kilo. 
7 
12.20 p.m. 85 109 
10 | 82 126 Injected 3 mg. 
| As20Os per kilo. 
CONCLUSIONS. 


Arsenious oxide injected subcutaneously into rabbits produces 
a marked hyperglycemia which is in general proportional to the 


dosage employed. 


It is probable that the renal organs are in- 


volved also since this hyperglycemia causes little or no glycosuria. 

It is also probable that the hyperglycemia is due to increased 
glycogenolysis since the liver of the experimental animal contains 
only traces of glycogen. 
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THE EFFECT OF OVERBREATHING AND OF BREATHING 
RELATIVELY HIGH CONCENTRATIONS OF CARBON 
DIOXIDE ON THE URINARY EXCRETION 
OF WATER AND CHLORIDES. 


By GEORGE ERIC SIMPSON anp ARTHUR H. WELLS. 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia). 


(Received for pubJication, November 9, 1927.) 


Given any condition which regularly causes a marked difference 
in the level of water excreted by the body, the determination of 
the mechanism involved should be of significance because of the 
possibility it offers for elucidating a factor governing the water 
balance of the body.! 

During sleep the urinary excretion of water and of chlorides is 
very low (1). It has been shown that the alveolar CO, tension 
is then high? (2-5) and that the pH of the blood is, as would be 
expected, low (5, 6). These two facts suggested the question 
which the experiments to be reported here were planned to answer: 
In general, do the CO, tension of the alveolar air and associated 
factors in the blood, such as pH, bear a relation to the amount of 
water and chloride excreted in the urine? If so, an increased 
excretion of water and chlorides would be expected not only on 
waking from sleep but also during overbreathing, while the reverse 
would be expected when high concentrations of CO, were breathed. 
The experimental findings are in agreement with these ex- 
pectations. 


Water loss as insensible perspiration will not be considered in the 
following discussion. One of us (1) has shown that sleep is without in- 
fluence on the amount of water lost as insensible perspiration. 

?Straub also reported determinations of the content of free CO: of 
the blood serum in his experiments. 
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EXPERIMENTAL. 
Procedure. 


For chloride determinations the Volhard procedure was used, 
with filtration from the AgCl precipitate. In the case of the 
dilute urines, 75 ec. portions were often made up to 100 ce. in the 
usual way, and 75 cc. of the filtrate used for titration. In some 
cases, urinary pH was determined, a standard colorimetric pro- 
cedure being employed (7). 

The students who volunteered for the forced breathing experi- 
ments slept in the laboratory during the night preceding the 
experimental period proper and remained in bed throughout the 
experiment except when they urinated. They were given no food, 
but drank rather large amounts of water, as indicated in Table I. 
Urine samples were collected every 30 minutes for the number of 
intervals indicated in the first column of Table I. The subjects 
breathed forcibly during one 30 minute interval. The experi- 
ments were commenced in the morning and were completed by 
2 p.m. 

For the experiments with high concentrations of CO., female 
dogs were used, except in three experiments for which a male was 
used. The bladder of the latter was emptied by means of a 
catheter and syringe. In the case of the females, after it seemed 
likely that all the urine had been removed from the bladder by 
catheterization, the latter was rinsed with 20 cc. of water. It is 
believed that the collection was quantitative, since, while some of 
the more concentrated samples were highly colored, the rinse 
water was practically colorless. The urine in all cases was col- 
lected directly from the bladder. There was no urination in the 
cages even when the amount of urine formed during an interval 
was exceedingly large. The collection interval was usually about 
45 minutes. The exact time is indicated in Table II. 

It was desirable, for certain purposes to be mentioned later, to 
control urine volume in some of the experiments. The quantity of 
water ingested was varied in the different experiments in the hope 
of finding a way to secure a somewhat uniform excretion of water. 
When the fifteen experiments had been completed, however, we 
had no clearer idea as to how this might be accomplished than at 


the beginning. 
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The CO, mixtures which were breathed were obtained from 
tanks under pressure. The gas was led through a rubber balloon 
into the bottom of a thick glass jar which fitted fairly closely over 
the dog’s head. The gas was administered at such speed that this 
balloon collapsed slightly (but never completely) with each in- 
spiration. In the first experiments (not reported) a rubber dam 
tied around the open end of the glass jar fitted tightly around the 
dog’s neck, the gas escaping through a tube which passed through 
this. It was later found that struggling was avoided when the 


dam was done away with. The glass jar was held by an assistant 
and it was possible for the dog to move his head at will. Dilution 
of the administered air was largely prevented by the speed of the 
air current and also by stuffing towels between the dog’s neck and 


the rimofthe jar. Itis not unlikely that the per cent CO, actually 


breathed may have been somewhat lower than indicated in the 
tables due to some dilution with outside air. 


Results. 
Experiments on Forced Breathing. 


The data which have to do with forced breathing are given in 
Table I. Various workers have shown that large amounts of 
water are excreted during overbreathing (3, 8, 9). Accordingly 
we gave our attention to the effect of forced breathing on chloride 
excretion. The data in Table I show that the amount of chloride 
excreted during overbreathing is large. This result supports the 
supposition that the changes in the composition of the blood which 
are associated with the change in alveolar CO, tension may have a 
relation to the rate of excretion of both water and chloride. 

It was interesting in this connection to go further and see whether 
this increase in chloride excretion was specific; that is, some- 
thing more than a mere accompaniment to changes in the amount 
of water excreted. Such a specific effect is seen on waking from 
sleep (1, 10). The present experiments were planned, therefore, 
with the idea of minimizing any effect of overbreathing on water 
excretion, if possible. For this reason the subjects were given 
large amounts of water, since it was to this procedure that the 
uniform excretion of water in the sleep experiments was ascribed 
(10). Furthermore, the period of overbreathing was postponed 
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TABLE I. 
Effect of Overbreathing on Urinary pH and Excretion of Cl.* 
Chloride excretion. 
Period Urine a —— 
No, volume | - } mM per mM per memes 
| 30 min 100 ce 
Experiment 1. Subject J. Jan. 12, 1926. 
cc. | 
3 345 | 6.6 | 1.838 0.5 | Overbreathing (Period 9) 
4 325 6.6 | 2.87 0.9 | began at 9.20. Headache, 
5 175 6.9 | 3.91 | 2.2 | 9.25; dizzy, 9.30; arms stiff, 
6 230 | 7.0 | 4.15 1.8 9.32; outside of arms pain- 
7 235 7.1 5.35 2.0 ful, 9.40. Cold and sleepy 
8 245 | 7.2 5.49 2.2 | most of time. 
9 210 | 7.8 | 8.47 | 4.0 | 
10 4 | 8.0 | 3.13 | 7.9 | 
11 200 7.4 | 3.58 | 1.7 | 
12 | 28 | 7.1 3.50 1.4 | 
13 | 87 | 7.3 | 3.27 3.7 
14 118 | 7.2 3.23 2.7 
Experiment 2. Subject M.A.M. Jan. 7, 1926. 
6 250 | 4.42 1.8 | No tingling or other marked 
7 150 | | 4.68 | 3.1 symptoms until last 10 min. 
8 160 | 7.5 6.30 | 3.9 | of overbreathing period 
9 210 | 7.8 | 9.387 | 4.5 | (Period 11). 
10 190 | 7.8 | 5.96 | 3.1 | 
11 150 | 7.6 | 10.10 | 6.7 
12 | 135 | g2] 216] 1.6 | 
13} 40 7.3 | 2.57 6.4 | 
14 23 | 7.5 | 3.23 12.9 
15 45 | 3.12 6.9 | 
} 
Experiment 3. Subject M.M. Jan. 7, 1926. 
7 105 5.8 | 5.04 | 4.8 | No tingling or other symp- 
8 | 180 | 6.7 6.62 | 3.7 | toms until last 10 min. 
9 | 20 | 66 | 7.47 | 3.7 | of overbreathing period 
| | . 
10 125 | 7.0 | 6.30 5.0 | (Period 11). 
11 300 | 7.4 | 11.75 | 3.9 | 
12 15 | 7.7 | 7.25 | 6.3 | 
13 77 | 7.7 | 9.19 | 11.9 | 
14 200 7.4 | 10.93 | 5.5 
15 230 | 7.3] 9.72 | 4.2 
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TABLE I—Concluded. 





| | Chloride excretion. | 
' yaee A .4 pH Remarks. 
points ‘| mM per | mM per | 
} 30 min. 100 ce. 














Iixperiment 4. Subject F. May 30, 1926. 














ce. | | 
3 880 | 6.3 | 12.4 | 1.4 | Pain in forehead after 10 
4 730 6.3 | 13.3 | 1.8 min. overbreathing; jaw 
5 730 6.7 13.2 | 1.8 stiff in 15 min. At least 
6 150 6.3 9.4 | 6.2 two periods of uncon- 
7 350 7.3 12.4 3.6 sciousness. Cramps in 
8 356 7.0 12.8 3.5 arms and legs; twitching 
9 465 6.3 5.3 1.1 of eyelids, cheeks, and 
tongue. 








Ixperiment 5. Subject Jo. Jan. 12, 1926. 











4 235 6.4 2.05 0.9 | Pain in head and trunk 15 
5 i a min. after overbreathing 
6 awit 6.8 3.53 6.3 began. Toes tingling 5 
7 340 6.8 3.48 1.0 min. later. 

8 250 7.1 3.67 1.5 

9 325 7.6 7.00 2.2 

10 15 8.0 0.55 3.7 

11 212 7.6 5.46 2.6 

12 245 | 3.15 1.3 

13 | 182 7.1 3.14 1.7 

14 124 7.2 4.15 3.4 














* The sample collected during overbreathing is indicated by figures set 
in bold face type. The urines were collected for the number of 30 minute 
intervals indicated by the maximum period number; 200 cc. of water were 
ingested each half hour during the experiments. 

+ 8 ce. of light colored urine were collected as the sample for Period 5. 


It was therefore combined with the sample for Period 6. 


until urine volume seemed to have reached, or passed, a peak. In 
spite of these precautions, the rate of water excretion was not 
steady and in three cases a high output of water occurred during 
overbreathing. Nevertheless, a specific effect on chloride excre- 
tion is indicated by the datain TableI. This effect is not clear cut 
however, hence the need for the following comments. 
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TABLE II. 
Effect of Breathing CO2 on Excretion of H:O and Cl. 
| | Collec- bi s 
stent aan | Urine | 
Time. | a —. B vel- Cl excretion. | Remarks. 
ry | ume. | 
Group I. 
Experiment 1. 4 per cent CO: and O2. 
min | cc. [rer aert, | Tae" 
11.13} 1 | 43 | 200] 190] 0.90/ 0.47 | Dog 3, July 27, 10.30- 
11.58] 2 | 45 | 250) 269] 1.32/ 0.50) 2.13. Also 200 cc. H:0 
12.43 3 45 0; 20 | 0.28 | 1.40) at 8.30, 9.30, and 10.30. 
1.33 4 50 0 | 151 0.41 | 0.27 
2.13 5 40 | 202 | 0.87 0.43 | 
Experiment 2. 10 per cent CO: and O2. 
11.19} °1 | 44 | 200 | 180 | | Dog 3, July 19, 10.35-3.21. 
12.04 2 45 200 | 312 | 0.41 | 0.14 Also 300 cc. HO at 
1.05 3 61 200 | 286 | 0.43 | 0.14 8.40, 9.10, 9.40, and 
1.52 4 46 200 30 | 0.30 | 0.21 10.35. 
2.36 5 44 | 200 286 0.53 | 0.18 | 
3.21} 6 | 45 | 360 | 0.88 | 0.22 | 
Experiment 3. 6 per cent CO: in On. 
10.46] 1 | 45 | 150 | 216 | | | Dog 3, July 23, 10.01- 
11.31] 2 | 45 | 20} 23] | 12.48. Also 180 cc. H:O 
12.16 3 45 150 21 at 10.01. 
12.48] 4 | 32 | | 93 | | | 
Experiment 4. 50 per cent COs: in Oo. 
12.38] 1 | 51 | 200| 202 Dog 2, male; July 12, 
1.48 2 70 200 150 11.47-2.58. Also 200 ce. 
2.10; 3 22 | 200 5 HO at 11.47. 
2.58] 4 | 48 | 218 | 
Experiment 5. 50 per cent COz in Ox. 
1.55] 4 | 52 | 200] 212 | Dog 2, male; July 13 
2.47 5 52 200 | 253 10.47-4.42. Also 400 cc. 
3.36 6 49 200 218 H.0 at 9; 200 ce. at 9.30, 
4.07 7 31 | 200 | 20 | 10, 10.47, 11.27, 12.16, 
4.42 8 35 200 | 30 | 1.03. 
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TABLE 11—Concluded. 




















































































































| Collec-| - 
re Period | tio | HO Urine . _s 
Time. No. inter- | Pf == Cl excretion. | Remarks. 
Group I—Concluded. 
Experiment 6. 50 per cent COs in O2. 
min. | oe, [P| mk. | Toober 
11.19 1 44 200 | 464 Dog 2, male; July 15, 
12.00 2 41 200 | 439 10.35-1.39. Also 400 ce. 
12.55 3 40 200 10 H,0 at 8.30; 300 cc. at 9; 
1.39 4 44 79 200 ce. at 9.30; 300 cc. 
at 10.30. 
. Group II. 
Experiment 7. 6 per cent CO: in Ox». 
1.10 1 70 200 140 | 0.62 | 0.44 | Dog 1, Apr. 22, 12.00-5.40. 
2.15 2 65 200 | 185 | 0.76 | 0.41 200 ce. HO at 10, 11, 
3.30 3 75 200 | 152 0.51 | 0.34 and 12 also. 
4.30 4 60 200 | 185 | 0.74 | 0.40 
5.40 5 70 203 | 0.67 | 0.33 
Experiment 8. 6 per cent CO: in O:. 
12.07 1 44 200 | 164] 1.83 | 1.13 | Dog 3, weight 14.1 kilos; 
12.52 2 45 240 | 267 | 2.34 | 0.88 July 27, 11.23-3.10. 200 
1.39 3 47 200 | 145 | 0.77 | 0.53 ec. HO at 9, 10, and 11 
2.24 4 45 200 | 204/ 1.81 | 0.88 also. 
3.10 5 46 | 357 | 2.32 | 0.65 
Experiment 9. 4 per cent CQ: in Os. 
10.55 1 45 200 | 232 | 0.76 | 0.33 | Dog 3, July 28, 10.10-1.55. 
11.40 2 45 250 161 | 0.35 | 0.22 200 cc. H.O at 8, 9, and 
12.25 3 45 0; 652/ 0.09 | 0.17 10 also; 900 ce. HO on 
1.10 4 45 | 0 | 133 | 0.66 | 0.50 previous afternoon. 
1.55 5 46 304 | 0.36 | 0.12 
Experiment 10. 6 per cent COs in On». 
3.15] 1 60 200 | 165 | 3.22 1.95 | Dog 1, Apr. 13, 2.15-6.15. 
4.30; 2 75 200 65 | 0.18 | 0.28 200 ec. H20 hourly, be- 
5.20} 3 50 | 200] 204 | 2.94] 1.44 ginning at 8 a.m. 
6.15); 4 | 55 | 240 | 4.16 | 1.73 | 
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Experiment 1.—In this experiment the amount of water excreted re- 
mained about the same during the period of overbreathing and several 
adjacent periods. During forced breathing the volume of urine was less 
than during the three preceding control periods. The amount of chloride 
excreted during the overbreathing period was considerably greater than 
during the control periods. Accordingly, the concentration of chloride 
was much greater than during any other period during which the volume 
of urine was of the same order as that during forced breathing. 

Experiment 2.—The amount of chloride excreted was greater during the 
period of overbreathing than during any other period. It had also shown 
a marked increase in the second preceding period, indicating the necessity 
for caution in ascribing an increase in chloride excretion to overbreathing 
In this experiment, as in one other (Experiment 3) in which there was a 
comparatively large amount of chloride excreted during a control period, 
it may be seen that the degree of increase was, nevertheless, greater during 
overbreathing than in the case of the high control periods. Furthermore, 
in the present experiment the rise in chloride excretion occurred even 
though the volume of urine decreased. The chloride concentration (6.7 
mM) during the period of overbreathing was greater than during any 
previous period and of the same order as during the second succeeding 
period (6.4 mm) although here the volume (40 cc.) was about } of that 
during overbreathing (150 ec.). That the concentration was less than 
during periods when the volumes were extremely low (Periods 14 and 15, 
25 and 45 ec., respectively) hardly derogates from the view of a specific 
effect of overbeathing on the excretion of chloride. 

Experiment 3.—This is not a clear experiment. It is probably signifi- 
sant that the symptoms were less marked in this experiment and in Ex- 
periment 2, preceding, than in the other experiments presented here 
In these latter the effect of overbreathing on chloride excretion is also 
clearer. To see whether this lack of symptoms might be a factor in the 
excretion of chlorides, three experiments have been carried out in which 
the subjects breathed hard during two half hour periods, but only until 
tetany, headache, or unconsciousness appeared. The breathing was then 
slowed, to be increased again as soon as the symptoms disappeared 
Chloride excretion was not noticeably affected in these experiments. The 
output of water was somewhat high during the overbreathing in two of the 
three experiments. Urinary pH was increased in all three experiments. 

To return to a consideration of Experiment 3, during the period of over- 
breathing the amount of chloride excreted was sreater than during any 
other period. As in Experiment 2, however, the amount of chloride ex- 
creted showed a marked increase during another period (Period 14). The 
amount of water excreted during the several periods varied greatly 





3 The symptoms were usually severe. It is on account of the fear of 
injury to the subjects that the number of experiments reported in Table II 
is not greater. 
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During the period of overbreathing it was much greater than during any 
other period. It is significant that the concentration of chloride during 
overbreathing was about the same as during other periods (Nos. 8, 9, and 
15) when, however, the volume of urine was much smaller. The fraction: 





(Concentration of Cl during Period A) X (ec. of urine during Period A 
Ce. of urine during Period B) 


would be expected to give an idea of the concentration of chloride in 
Period B if the volume were the same as in Period A. This should apply 
the more closely, the more nearly water excretion and chloride excretion 
are proportional. These calculations have been carried out for the data 
in this experiment. The result for Period B (the overbreathing period in 
this case) depends, of course, upon which of the control periods is selected 
as Period A. When several different periods were selected, it was found 
that the concentration of chloride was higher during overbreathing than 
would have been expected from such calculations. This indicates the in- 
fluence of some factor which was not effective during the control periods; 
that is, the influence of overbreathing. 

Experiment 4.—A clear effect on pH was seen both during the period of 
overbreathing and during the succeeding period. The specific effect on 
chloride excretion seems to last during the following period, also. The 
amount of chloride excreted during these periods (12.4, 12.8 mm) was not 
greater than during some other periods (Periods 4 and 5, 13.3 and 13.2 mM). 
In Periods 4 and 5, however, the volume of urine was practically twice as 
great (730 cc. in both the control periods as compared to 350 cc. during 
overbreathing). 

It is significant that the concentration of chlorides was greater during 
the periods when the effect of overbreathing might have been expected to 
be a determinant in the chloride excretion (Periods 7 and 8) than during 
Period 9. It is not surprising that the concentration should be greater 
than during periods when twice as much urine was excreted. It seems 
equally without significance that the concentration was less during the 
period of overbreathing (3.6 mm) than during the period immediately 
preceding (6.2 mm) when the volume of urine (150 cc.) was less than } as 
great. 

Experiment 5.—The amount of chloride excreted was greater during the 
period of overbreathing than during any other period. The concentration 
of chloride was greater than during preceding (Nos. 7 and 8) and following 

Nos. 12 and 13) periods when the volume of urine approximated that of 

the period of overbreathing (325 cc.). However, the concentration of 
chloride was high during the two immediately following periods. It is 
not surprising that the concentration during Period 10 was high, since 
the volume (15 cc.) was extremely low. Perhaps the high concentration 
during Period 11 may be ascribed to the excretion here of chloride retained 
during Period 10. 
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Another possible explanation of these high concentrations may be sug- 
gested. In this experiment the effect of overbreathing on the pH of the 
urine was clearly shown, not only during the period of overbreathing but 
also during two succeeding periods. Perhaps the effect on the excretion 
of chloride likewise extended over three periods. The concentration of 
chloride in the combined urine representing these three periods is high 
(2.4 mM). 


Experiments on Breathing of High Concentrations of COx. 


In two instances previous workers have reported an effect of 
breathing CO, on the volume of urine. These are not in agree- 
ment. Davies, Haldane, and Kennaway in two experiments on 
HWD report an increase in urine volume in two periods in which 
6 to 6.5 per cent CO, was breathed following a single control 
period. Laqueur (11) on the other hand, reported low 24 hour 
urine volumes in four out of eight experiments on rabbits which 
breathed 13 to 17 per cent CO, for 6 to 7 hours. The present 
writers have carried out fifteen experiments in which high concen- 
trations of CO, were breathed by dogs. The amount of water and 
chloride excreted decreased during the CO, period in all the experi- 
ments. The effect is the opposite of that shown in the forced 
breathing experiments and is in agreement with the supposition 
that the rate of excretion of water and chlorides is determined by 
the level of CO, in the alveolar air and the associated changes in 
the blood and tissues. 

In the first group of six experiments, shown in Table II, the 
volume of urine during the breathing of high concentrations of 
CO, was ;'y to 3'5 as great as during representative control periods. 
In the other nine experiments, also, a smaller amount of water was 
excreted during the CO, periods than during any other intervals. 

In these experiments, as in the sleep and forced breathing experi- 
ments, it was desirable to see whether a specific effect on chloride 
excretion could be demonstrated. Chloride excretion during the 
CO; periods in two experiments of the first group in which chloride 
determinations were carried out was markedly decreased. It 
could hardly be otherwise, however, since water excretion and 
chloride excretion usually run parallel. It is obvious that experi- 
ments in which water excretion is so low cannot give any certain 
indication of any specific effect of breathing high concentrations of 
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CO, on chloride excretion.* For this reason chloride analyses were 
not carried out on the remaining four experiments of this group. 

In the four experiments of the second group which are reported 
a specific effect on chloride excretion is demonstrable.’ As in the 
forced breathing experiments, this is not clear cut, and the follow- 
ing comments are required. 


Group II, Experiment 7.—Both the amount of chloride excreted and the 
concentration of chloride were smaller during Period 3 when CO: was 
breathed than during any other period except one, Period 5. In the 
latter, the concentration was practically the same as during the CO, 
period (0.33 mm as compared to 0.34 mm). It might naturally have been 
expected that the concentration of chloride would have been appreciably 
greater in Period 3 than in Period 5, other things being equal, since the 
volume was less (152 cc. as compared to 203 cc.). 

Group II, Experiment 8.—Here the amount of chloride excreted was less 
during the breathing of CO. than in any other period. This would be 
expected since the volume of urine was considerably less. However, 
that the concentration of chloride was also less than in any other period, 
is significant. 

Group II, Experiment 9.—Here, too, the amount of chloride excreted 
during the breathing of CO: was less than during any other period. The 
small volume of urine, however, detracts from the significance of this. 
That the concentration of chloride (0.17 mm) was low, in spite of the 
small volume of urine, is significant. It was lower than for any other 
period except one (Period 5, 0.12 mm). During Period 5, however, the 
volume of urine excreted was about 6 times as great (304 cc. as compared 
to 52 ec. during overbreathing). 

Group II, Experiment 10.—Again both the amount of chloride excreted 
and the concentration of chloride were lower during the breathing of CO, 
than in any other period. The effect of breathing CO. was much more 
marked than in any other experiment. The decrease in chloride excretion 





4 Perhaps it is not without significance, however, that while in Experi- 
ment 1, the volume of urine was about 5 as great during CO: breathing 
as during representative control periods, the concentration of chloride 
was not 10 times as great, but only about 4 times as great. In Exper i- 
ment 2, also, while the volume of urine during the CO: period is again 
about ;'5 as great as it was during control periods, the concentration of 
chloride was less than twice as great. In this respect these data are of 
doubtful significance, however. 

® No clear specific effect on chloride excretion was demonstrable in the 
four experiments not published. The decrease in urine volume during 
CO: breathing was of the same order as in the experiments of the second 
group which are reported. 
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during CO: breathing was so marked that an extra (triplicate) series of 


analyses was run. 
In the other five experiments of this group (not reported) chloride and 


water excretion were again low during CO: breathing. Changes in volume 
and chloride concentration were of such character that it was impossible 
to tell whether or not a specific effect on chloride excretion occurred. 


DISCUSSION. 


The results reported in Tables I and II show that the urinary 
excretion of water and of chlorides is increased by forced breathing 
and decreased by breathing atmospheres containing relatively 
high concentrations of COs. 

In waking from sleep there is a specific increase in chloride ex- 
cretion. No other urinary constituent which the writer has deter- 
mined has shown an increase of such proportions (1). In the 
present experiments, also, it often appears that specific changes in 
chloride excretion can be demonstrated. 

It seems quite probable that changes in the kidney itself would 
account for the changes in water and chloride excretion which have 
been observed in these experiments on breathing CO, and on forced 
breathing. Direct observations of any kidney changes in these 
conditions are lacking. However, general changes in blood pres- 
sure or in the caliber of the blood vessels, or both, have been re- 
ported in the above conditions and in hibernation. It would seem 
not unlikely that such changes would account for the changes in 
water excretion and that the changes in chloride excretion would 
depend on differences in reabsorption in the tubules. This would 
explain the low excretion of chlorides during CO, breathing when 
the volume of urine is low and the chance for reabsorption great, 
and the high excretion of chlorides during forced breathing when 
the volume of urine is high and chance for reabsorption smaller. 

Such an explanation would not account for the fact that the 
excretion of chloride shows a much greater increase on waking 
from sleep than any other urinary constituent. If this were the 
explanation the excretion of urea, for instance, might be expected 
to show an equally great change on waking from sleep. This is 
not the case. 

Another explanation has therefore been considered: Are the 
changes in water and chloride excretion a reflection of changes in 
the composition of theserum? Thisis not the time for an extended 
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discussion of such ahypothesis. The data which prove or disprove 
it are not complete. As far as the low level of water excretion 
during sleep is concerned, it may be said with certainty that this 
is not accompanied by a decrease in the amount of water in the 
serum. ‘The amount of water in the serum is greater during sleep 
than during the waking hours. 

It will be remembered that Doisy and Eaton (12) have shown 
that chloride shifts to the corpuscles when whole blood is exposed 
to atmospheres with high partial pressures of CO,. It would follow 
that, should the blood stream act as a closed system, there would 
be a shift in chloride to the corpuscles of arterial blood when high 
concentrations of CO, are breathed. From Doisy and Eaton’s 
data, it seems extremely probable that such a shift might be dem- 
onstrable in vivo under these conditions. It is quite doubtful 
from their data whether such a shift could be demonstrated as a 
result of the comparatively small changes in alveolar CO, induced 
by sleep. At the time of writing, two experiments have been 
carried out on the chloride and water content of corpuscles and 
serum of arterial blood during the breathing of atmospheres con- 
taining 50 per cent CO, in O2 by dogs. These experiments show a 
clear cut increase in the amount of water in the corpuscles and in 
the concentration of chlorides in this water during CO, breathing. 
The shift of chloride and water from serum to corpuscles in these 
cases is compensated to a certain extent (and perhaps wholly) by 
a flow of water and chlorides into the blood from the tissues. It 
seems extremely doubtful whether a change in the concentration 
of chloride in the water of the serum can be demonstrated even 
when very high concentrations of CO, are breathed. 

This work is being continued. It is expected that it will be 
possible to publish shortly data concerning the chloride content 
of corpuscles and serum during sleep and CO, breathing, and pos- 
sibly to include a study of the arterial blood during overbreathing 
in men, where a decrease in the chloride concentration in the water 
of the corpuscles would be expected, on the basis of the proposed 
supposition.® 


* Footnote added to proof regarding experiments in CO, breathing: 
The experiments reported in Table II were carried out on dogs which had 
been in the laboratory for some time. In control experiments where O» 
was breathed, urine volume was unaffected. In repeating these experi- 
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SUMMARY. 


1. During overbreathing the urinary excretion of water and of 
chloride is increased. 

2. When high concentrations of CO, are breathed, the urinary 
excretion of water and of chlorides is decreased. 

3. In both cases it is sometimes possible to demonstrate specific 
changes in chloride excretion ; that is, changes which are not merely 
the result of changes in the volume of water excreted. 

4. These changes in the excretion of water and of chloride, as 
well as the increased excretion of water and chloride which occurs 
on waking from sleep, suggest that, in general, when other factors 
are excluded, the alveolar CO, tension bears an inverse relation to 
the amount of water and of chloride excreted in the urine. 
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ments with new dogs, a decrease in urine volume when O, was breathed 
has been found frequently. This has always disappeared as the animals 
have become accustomed to the experimental procedure. The last five 
experiments on two animals have shown no effect with O2, but a marked 
decrease in volume when CO, was breathed, although these animals origi- 
nally showed an effect with O.. The above difficulties have suggested 
the desirability of carrying out such experiments on human beings, where 
fear could be eliminated. This has been done; a decrease in urine volume 
has been found when 7 to 10 per cent CO, in air was breathed by subjects 
who remained in bed. 
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THE RESPIRATORY PROTEINS OF THE BLOOD. 


I. THE COPPER CONTENT AND THE MINIMAL MOLECULAR 
WEIGHT OF THE HEMOCYANIN OF LIMULUS POLYPHEMUS. 


By ALFRED C. REDFIELD, THOMAS COOLIDGE, anp 
MARY A. SHOTTS. 


(From the Laboratories of Physiology, Harvard Medical School, Boston, and 
the Marine Biological Laboratory, Woods Hole.) 


(Received for publication, October 25, 1927.) 


A knowledge of the quantity of copper in the hemocyanin 
molecule is of importance from a number of view-points. It 
enables the quantity of hemocyanin in native bloods to be esti- 
mated and thus makes possible precise comparative study of their 
respiratory function. It provides, for instance, a basis for esti- 
mating the proportions in which oxygen combines with hemo- 
cyanin in blood, and it was this problem which initiated the 
present investigation. Because of the very small number of 
copper atoms in the molecule the copper content is probably the 
most satisfactory basis from which to estimate the minimal molec- 
ular weights of these proteins. Furthermore it gives unequivocal 
evidence of the specific character of the respiratory pigments in the 
different groups of invertebrates. 

The elementary composition and certain of the physicochemical 
characteristics of the hemocyanin of the horseshoe crab, Limulus 
polyphemus, have been determined by Alsberg and Clark (1910). 
They conclude that the hemocyanin of this animal is a substance 
different from that of the octopus. Among other reasons for 
believing so they point out, although somewhat tentatively, that 
in Limulus hemocyanin copper composes 0.28 per cent of the 
molecule as compared to the value of 0.38 per cent which Henze 
(1901) obtained in the case of the hemocyanin of the octopus. 
Our investigation fully supports their conclusion in regard to the 
difference between these two proteins. We have not been able, 
however, to confirm closely the value which Alsberg and Clark 
obtained for the copper content of Limulus hemocyanin. 
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Estimation of Copper. 


The micro method of Schoorl and Begemann (1925) has been 
used and found very satisfactory in the precise determination of 
as little as 0.3 mg. of copper. While we have not modified the 
method in principle we have simplified its practice somewhat. 
We consequently describe our procedure in detail. 

Enough hemocyanin to contain 0.3 to 0.8 mg. of Cu is measured 
into a 100 ce. Erlenmeyer flask and dried to constant weight at 
105°C.; 2 ec. of concentrated H.SO, and 10 cc. of concentrated 
HNO; are added and digestion is carried out on a hot plate. 
More HNO; is added as required until the specimen has become 
clear and colorless. The remaining acid is then driven off over a 
Meker burner. The residue is dissolved in 2 ce. of hot water and 
transferred into the electrolyzing vessel by washing the flask with 
successive 1 cc. quantities of hot water. The total washings need 
not exceed 8 cc. 

The electrolytic separation of copper is carried out in a vessel 
made from a short, wide Pyrex test-tube and having a platinum 
wire electrode sealed into the bottom. The copper is deposited 
on a platinum plate, 1 by 2 cm. in dimensions, mounted on a glass 
tube which is passed through a rubber stopper and is thus sup- 
ported in the electrolyzing vessel. After transferring the specimen 
to this vessel 5 drops of 30 per cent H,SO,, 1 drop of 30 per cent 
HNOs, and a small pinch of urea are added, and a potential of 2.5 
volts is applied overnight. This process may be shortened to 4 
hours by raising the temperature to 70-80°C. The voltage is 
increased to 4 volts for 1 hour and then the electrode is removed 
from the solution without previously interrupting the current. 

The copper is dissolved from the electrode with 5 cc. of 30 per 
cent HNO; in a 100 cc. porcelain evaporating dish, and the elec- 
trode is rinsed into this with distilled water. The specimen is 
then dried on a steam bath, dissolved with 10 drops of 30 per cent 
acetic acid and 4 cc. of hot water, a drop of saturated Na,.HPO, 
is added, and after cooling it is titrated against sodium thiosulfate. 

The titration consists in adding 10 drops of 5 n KI, freshly 
made, and running in from a 10 cc. burette enough 0.0015 N 
sodium thiosulfate to cause the yellow color just to disappear. 
2 drops of fresh soluble starch solution are added and more sodium 
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thiosulfate, a drop at a time, until the color has disappeared and 
does not reappear within 30 seconds. The estimation of the end- 
point is difficult and requires practice. The color changes from 
blue to pink and then pale yellow as the end-point is approached, 
and the final judgment is based on the color of the specimen as 
compared to a blank or better to a duplicate specimen to which 
an excess of thiosulfate has been added. The light from a Mazda 
Daylite bulb is excellent for this comparison. The precision of 
the measurement is improved by keeping the volume of liquid as 
small as possible. 

Prior to titrating the unknown samples it is desirable to stand- 
ardize the thiosulfate solution against a known copper solution. 
This is done each day, not only because the thiosulfate changes 
slightly, but in order to train the eye in recognizing the end-point. 

Three solutions of known copper content have been employed 
as standards. These have been prepared by weighing clean pieces 
of sheet copper or copper wire, dissolving in nitric acid, evaporating 
the excess nitric acid, and redissolving the residue with sufficient 
water to give a final concentration of 0.1 mg. of Cu per ec. Such 
dilute copper should contain a little hydrochloric acid to prevent 
the growth of molds. When compared with one another by 
titrating against thiosulfate, these solutions checked within 0.5 
per cent, which is within the limit of precision of the method of 
titration. 

In order to measure the losses inherent in the method of sepa- 
rating copper from the other constituents of the sample, we have 
analyzed solutions of casein containing known quantities of 
copper. In a series of samples each containing 0.563 mg. of 
copper the recovered yields were 0.560, 0.552, 0.557, 0.555, 
0.571, 0.566, 0.573, 0.524, 0.550, 0.562, and 0.553 mg. In only 
two of these figures is the recovery less than 98 per cent. Errors 
larger than this are usually attributable to losses incurred by over- 
heating during the process of digestion. 

The method has been tested further by comparing its yield to 
that obtained by a usual gravimetric method. For this purpose 
a large quantity of Limulus serum was mixed together. Of this 
500 cc. were then evaporated down and digested with nitric and 
sulfuric acids, its copper deposited electrolytically on a weighed 
platinum electrode, and the latter dried and reweighed. For com- 
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parison several 10 cc. samples were analyzed by the micro method. 
The results of two such tests follow (Table I). 

The difference in the yields of the two methods is sufficiently 
small to exclude the possibility of gross error in the micro method. 


Purification of Hemocyanin. 


The determinations of the copper content of Limulus hemo- 
cyanin shown in Table II were made on a preparation purified in 
the following way. The fresh serum from a large number of 
animals was salted out by the addition of ammonium sulfate to 
half saturation (350 gm. to 1 liter of serum) and in this condition 
preserved for some 6 months. The precipitated hemocyanin was 


























TABLE I. 
Nd scars carapace nina 4 Rican ene iuna anes 18 19 
mg. per cc. mg. per cc. 
Micro titration of 5 or 10 cc. samples. 0.0681 0.0712 
0.0680 0.0726 
0.0671 0.0720 
0.0692 
oii in edt adh iciawetidniaidaiasnmerces | 0.0681 0.0718 
Gravimetric analysis of 500 cc. sample. | 0.0702 0.0758 
Se A I oo tictcdercencasssvenasas 3 5 





separated by filtration, redissolved in 5 per cent saturated am- 
monium sulfate containing 0.001 N ammonium hydroxide, filtered 
free of all insoluble residue, and reprecipitated by adding just 
sufficient saturated ammonium sulfate. This precipitate was 
separated by centrifugation. In order to secure a satisfactory 
separation it was found desirable to bring the reaction to approxi- 
mately pH 8 by the addition of ammonium hydroxide. The 
process of redissolving and salting out was then repeated two 
more times, following which the material was dialyzed in the cold 
under negative pressure against 0.0001 Nn sodium hydroxide. 
As dialysis proceeded, the strength of this solution was gradually 
increased to 0.001 N in order to prevent the hemocyanin from 
precipitating or forming a gummy mass in the dialyzer. Dialysis 
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was continued for 18 days, at which time only a trace of sulfate 
could be detected. The dialyzed material was next precipitated 
by adding very slowly and with constant stirring just sufficient 
0.01 n hydrochloric acid to bring it to the isoelectric point (ca. 
pH 6.3) and then diluted to 10 times its original volume by the 
addition of distilled water. The precipitate was now washed by 
decantation repeated eight times. The entire process of prep- 


TABLE II. 


Hemocyanin of Limulus polyphemus. Specimen XIIb. 








Method of preparation. Dry weight. Copper. Copper. 
gm, mg. per cent 
After salting out and dialysis. 0.2194 0.368 0.168 
a 0.2189 0.359 0.164 
0.2190 0.368 0.168 
0.2193 0.372 0.170 
0.3685 0.626 0.170 
0.3683 0.632 0.171 
0.3685 0.634 0.172 
0.3685 0.632 0.171 
Same after 2 washings at isoelec- 0.2617 0.459 0.175 
tric point. 0.2622 0.436 0.166 
0.2631 0.458 0.174 
Same after 8 washings at isoelec- 0.2406 0.414 0.172 
tric point. 0.2398 0.420 0.175 
0.2406 0.415 0.172 
0.3280 0.570 0.174 
0.3569 0.623 0.174 
0.3576 0.621 0.173 
0.3576 0.623 0.17 














aration was carried out in the cold room except for such manip- 
ulations as filtration and centrifugation, during which the 
material was in the ‘‘salted out’’ condition. 

Table II contains the results of analyses of this material at the 
completion of dialysis, after the second washing, and in its final 
condition. The increase in the copper percentage with repeated 
washing is almost negligible, and justifies confidence in the purity 
of the final product. We consider 0.173 per cent as the most 
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probable value of the copper content of Limulus hemocyanin. 
This conclusion is supported by the data in Table III in which 
we present the average results of analyses of eleven preparations 
of hemocyanin in which the process of purification has been 
variously curtailed or modified. The very close agreement in the 
percentage of copper found in these specimens (with only one 
exception) is excellent evidence for the adequacy of the method of 
purification, and indicates that the serum contains very little 
material other than hemocyanin removable by dialysis. 








TABLE III. 
Method of preparation. Specimen No. aa. Copper 

per — 
Dialysis of fresh serum. I 2 0.171 
II 2 0.172 
Salting out and dialysis. Ve 12 0.173 
Via 8 0.173 
VIIIec 6 0.173 
XI 6 0.159 
XIla 3 0.167 
XIIe 7 0.168 
Salting out, dialysis, and iso- VIlIlId 3 0.170 
electric precipitation. xX 4 0.170 
XIIb 7 0.173 














Tests for Denaturation. 


Hemocyanin purified by reprecipitation with ammonium sulfate 
and dialysis does not appear to be altered in its physical properties 
from the state in which it exists in the blood. We have found that 
Specimen VIIIc will combine with 167 volumes of oxygen per 
gm. of copper, which is only 5 per cent short of the value to be 
expected if 1 atom of oxygen unites with hemocyanin for each 
atom of contained copper. This is as high a proportion as we have 
obtained with fresh blood. The general characteristics of the 
oxygen dissociation curves and the basic titration curves of fresh 
serum may be duplicated with hemocyanin purified in this way by 
suitable adjustment of the electrolyte content and reaction. 
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These are matters which will be reported in detail in later com- 
munications. 

There is a large discrepancy between our conclusion that copper 
makes up approximately 0.173 per cent of the hemocyanin mole- 
cule in the case of Limulus polyphemus, and the value 0.28 per 
cent obtained by Alsberg and Clark (1910). It does not differ 
greatly from the value of about 0.14 per cent which they obtained 
from two specimens of hemocyanin which they had purified by 
dialysis. ‘They rejected this lower figure in the belief that in the 
process of dialysis some copper had been lost. In order to deter- 


TABLE IV, 





Method of preparation. a Copper. | Nitrogen. Cue % | Nitrogen. 





mg. per cc, | mg. per cc, per cent 


a 


Fresh serum. 7 0.118 13.11 90 
18 | 0.068 7.45 91 
21 | 0.088 8.95 98 
25 | 0.097 10.38 93 


Hemocyanin salted out. Va | 0.0295 3.00 98.4 
Vila | 0.0816 8.26 98.8 
Villa | 0.0832 8.63 96.4 

















Hemocyanin salted out Via | 0.157 15.75 99.7 17.3 
and dialyzed. Ville | 0.133 13.5 98.6 17.5 
VIlId | 0.307 31.4 97.8 17.2 

XIIa | 0. 17.3 7.2 17.1 

XIIe | 0.151 15.45 97.8 17.3 





mine whether this was true of our specimens—all of which had 
been dialyzed—we have determined the ratio of copper to protein 
nitrogen in fresh serum, in hemocyanin purified by reprecipitation 
with ammonium sulfate, but without dialysis, and in certain 
specimens which had been dialyzed after repeated salting out.! 


1 Nitrogen analyses were made in triplicate by the Kjehldahl method 
following in detail the procedure described by Cohn (1922). The hemocya- 
nin was coagulated by heating on a steam bath in the presence of a large 
quantity of phosphate solution of pH 6.3, collected on a filter paper, and 
digested. When the hemocyanin solution contained ammonium sulfate 
the coagulum was washed with hot water on the filter until the filtrate 
was free of sulfate. 
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The results are collected in Table IV and indicate that there is 
actually more copper per gm. of protein nitrogen in the purified 
material than in the serum. This is accounted for by the in- 
soluble material which is separated in the first filtration and which 
does not contain significant quantities of copper. Actually there 
is little difference in preserved material before and after dialysis. 
We have also prepared a specimen of hemocyanin by a method 
similar to that employed by Alsberg and Clark when they ob- 
tained their higher figure. After redissolving some hemocyanin 
which had been preserved with ammonium sulfate, just enough 
alcohol was added to precipitate the protein. This was washed 
several times with 40 per cent alcohol, then dried at 105°C. 
Small samples were ground in a mortar and dried to constant 
weight and the copper estimated. The yields which are given in 
Table V do not suggest that copper has been lost in the dialyzed 


preparations. 








TABLE V 
Sample No Hemocyanin Copper Copper 
qm, mg per cent 
] 0.3562 0.596 0.167 
2 0.3481 0.565 0.162 
3 0.3119 0.522 0.167 





We have also included in Table IV figures which indicate that 
Limulus hemocyanin contains about 17.3 per cent of nitrogen. 


Molecular Weight of Limulus Hemocyanin. 


The weight of hemocyanin containing 1 atom of copper is given 
by dividing the atomic weight of copper, 63.57, by the fraction of 
the weight of hemocyanin due to this element, which we have 
shown to be 0.173 X 10-°. The minimal molecular weight of 
Limulus hemocyanin thus appears to be 36,700. 

Ultrafiltration experiments by Cohn (1925, a) indicate that 
this protein is intermediate in size between hemoglobin and 
pseudoglobulin to which probable molecular weights of about 
66,800 (Adair, 1925; Svedberg and Fahraeus, 1926) and 81,000 
(Cohn, Hendry, and Prentiss, 1925; Sgrensen, 1925) may be 
assigned. The assumption that the molecule of Limulus hemo- 
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cyanin contains 2 atoms of copper is consistent with these condi- 
tions, for the molecular weight would be 73,400.” 


Specificity of the Hemocyanins. 


The copper content of purified specimens of hemocyanin has 
now been determined in the case of a number of species of in- 
vertebrates (Table VI). While equal reliance cannot be placed 
on the adequacy of these various analyses, there would appear to 
be little doubt that in the case of the octopus, the snail, and the 
horseshoe crab the hemocyanins are specifically different proteins. 
This conclusion is amply confirmed by recent studies of the charac- 
teristics of the equilibria between oxygen, carbon dioxide, and 


* Dr. Edwin J. Cohn has called our attention to the circumstance that 
this determination of the molecular weight of Limulus hemocyanin elimi- 
nates a discrepancy in his estimates of the probable molecular weights of 
the proteins. In a paper in Physiological Reviews (Cohn, 1925, 6) the 
minimal molecular weights of certain proteins were given and the proteins 
arranged in their apparent relative molecular volumes, as determined by 
ultrafiltration experiments. Among others in order of increasing size 
were serum albumin, hemoglobin, edestin, Limulus hemocyanin, and 
pseudoglobulin. Of these the first and last could be definitely assigned 
molecular weights of 45,000 and 81,000, based in part upon the osmotic 
pressure measurements of Sgrensen (1925). The minimal molecular 
weight of Limulus hemocyanin based upon the copper analyses of Alsberg 
and Clark was taken as 22,700; the probable molecular weight, assuming 
3 atoms of copper in the molecule, as 68,100—a larger weight being excluded 
by the fact that Limulus hemocyanin appeared smaller than pseudo- 
globulin. Hemoglobin appeared so much smaller than hemocyanin that 
the possible molecular weight of 66,800 suggested in a preliminary com- 
munication (Cohn, 1925, a) was considered improbable and the next smaller 
multiple of the minimal molecular weight, 50,000, was assigned to it. 

The osmotic pressure measurements of Adair (1924, 1925) and the more 
recent ultracentrifugation measurements of Svedberg and Fahraeus 
(1926) rendered it certain that the true molecular weight of hemoglobin 
was 66,800, and thus introduced a discrepancy which is now removed by 
the revision of the copper content of Limulus hemocyanin. The revised 
value for copper content and the assumption of 2 atoms of copper in the 
hemocyanin molecule lead to a probable molecular weight of approximately 
73,000, and thus places it above hemoglobin and belew pseudoglobulin. 

Ultrafiltration experiments also indicate that edestin is of approxi- 
mately the same size as the hemocyanin of Limulus. Dr. Cohn suggests 
that with the revision of the probable molecular weight of hemocyanin 
the estimate for edestin may have to be modified also. 
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hemocyanin in the various species studied by Redfield, Coolidge, 
and Hurd (1926), Stedman and Stedman (1926), Hogben (1926), 
and Hogben and Pinhey (1926) as well as by the analytical results 
of Alsberg and Clark (1910) and Henze (1901) and the crystallo- 
graphic and spectrometric observations of Dhéré (1919), and 
Dhéré and Burdel (1919). 











TABLE VI. 
| Copper. Author. 

7 : | per cent | 
ESE ns Ee ae eer RE Te epee 0.32 Griffith (1892). 
SES eee eee ae re ae eer 0.34 m 
RR ee eee ace enn ee | 0.34 2 
SET OE EEE ET 0.38 | Henze (1901). 
PY MII cv oiks cn iancccsdicedeaenad 0.25 Burdel (1922). 

~ te ae iden la neh ooeuace pase | 0.29 | Begemann (1924). 

° | | 
Limulus polyphemus................ 0.173 





SUMMARY. 


The hemocyanin of Limulus polyphemus contains 0.173 per cent 
of copper and 17.3 per cent of nitrogen. 

Its minimal molecular weight is 36,700; its probable molecular 
weight is 73,400. 

It is a compound distinct from the hemocyanin of the octopus 
and the snail. 
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THE RESPIRATORY PROTEINS OF THE BLOOD. 


II. THE COMBINING RATIO OF OXYGEN AND COPPER IN SOME 
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The analogy between the transport of oxygen by hemoglobin in 
the vertebrate blood and by the hemocyanins of the invertebrate 
body fluids is clearly established. While it is known that in the 
former case oxygen combines with the respiratory protein in defi- 
nite stoichiometrical proportions—1 molecule of O, uniting with 
hemoglobin in correspondence with each atom of iron which it 
contains (Peters, 1912)—the combining proportion between oxy- 
gen and copper in the hemocyanins is not satisfactorily established. 
Dhéré (1919) has reviewed the earlier literature in which a general 
correspondence between the oxygen capacity and copper content 
of various invertebrate bloods is demonstrated, and has presented 
the first critical experiments based on simultaneous estimations in 
the same specimens of blood. 

Dhéré found the ratio between the copper and oxygen to be con- 
stant in the case of the mollusks (Helix and Octopus) and again 
in the case of the Crustacea (Astacus, Homarus, and Cancer), but 
for the same copper content the blood of the Crustacea combined 
with more oxygen than that of the mollusks. Concerning the 
validity of this last conclusion Dhéré states: “Il serait, croyons- 
nous, imprudent de |’affirmer en ne disposant que d’une série de 
déterminations aussi courte. Toutefois, l’écart est si notable 
qu’on ne peut guére douter qu’il n’y ait 1A une différence ré- 
elle. . ™ 

In contradiction to this very reserved conclusion Begemann 
(1924) has found that the blood of the snail (Helix pomatia) and of 
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the crab (Carcinus mznas) both combine oxygen in the same ratio 
to their copper content and in such quantities as to indicate that 
for each atom of copper contained in the hemocyanin molecule, 1 
atom of oxygen may be combined in dissociable form. It has been 
the object of this investigation to determine whether this theoreti- 
cally satisfactory result could be confirmed by observations on a 
more extensive series of animals. 

In performing our experiments we have collected the blood from 
a sufficient number of animals so as to be able tosecure an adequate 
series of concordant measurements from a single mixed sample. 

Copper has been estimated by the method described by Red- 
field, Coolidge, and Shotts (1928). Samples of 2, 5, or 10 cc. of 
serum have been employed in accordance with the richness of the 
hemocyanin. Because Busycon blood is reported to contain con- 
siderable quantities of zinc (Mendel and Bradley, 1907) we have 
taken care to determine that the addition of zinc to known copper 
solutions does not affect the yield of the copper method. 

The measurements of the oxygen-combining power have all been 
made on serum or blood on the day on which it was drawn, with 
the exception of one series in which the purified hemocyanin of 
Limulus polyphemus was employed. This practice was adhered to 
because any denaturation of the hemocyanin may be expected to 
lower the oxygen capacity of the sample without affecting its cop- 
per content. The serum was equilibrated with air at room tem- 
perature by rotating it in a cylindrical tonometer for upwards of 
4 hour. The dissociable gases were extracted and analyzed with 
the constant volume analyzer described by Van Slyke and Neill 
(1924). Samples of 5 ce. have been employed in all cases except 
for the squid in which 2 cc. samples yielded adequate oxygen. The 
burette was specially constructed to measure the extracted gas 
volume at 0.5 ec. and was provided with a scale for estimating the 
correction required by the introduction of absorbing solutions. 
The volume including the large bulb was 100 ce. Fieser’s solution 
(Fieser, 1924) and 0.5 n NaOH were employed as oxygen and CO, 
absorbents. 

The general modifications which we have employed in adapting 
the method to the hemocyanins have been described by Redfield, 
Coolidge, and Hurd (1926). The hemocyanins of the Crustacea 
and the squid readily give up their oxygen when evacuated, partic- 








XUM 


ratio 
that 
le, 1 
been 
reti- 
on a 


from 
uate 
le. 

Red- 
c. of 
' the 
con- 
1ave 


pper 


een 
vith 
n of 
d to 
1 to 
s0p- 
em- 
3 of 
vith 
eill 
ept 
The 
gas 
the 
ns. 
ion 
‘O» 


ing 








Redfield, Coolidge, and Montgomery 199 


ularly in a slightly acid environment. It has sufficed, conse- 
quently, to employ 0.002 n acetic acid as an oxygen reagent with 
these bloods. The hemocyanin of Limulus and Busycon, on the 
other hand, has such a great affinity for oxygen that we have found 
it impossible to obtain complete reduction by evacuation, while 
altering its reaction in either direction, increases the difficulty. 
We have employed KCN as a reagent for freeing oxygen from the 
blood of these forms, having utilized the observation of Kobert 
(1903) that hemocyanin forms a colorless compound with this 
substance. While the use of KCN has considerably increased the 
yields of oxygen obtained from these bloods, it is open to one seri- 
ous objection. When oxygenated blood is mixed with KCN in 
the analyzer, a certain amount of the oxygen combined with the 
hemocyanin is transformed into a condition in which it can no 
longer be set free by evacuation. The quantity of oxygen lost in 
this way has been found to increase with the time the solutions 
stand together in the apparatus. As ordinarily employed in our 
earlier work, the loss due to this difficulty amounted to about 10 
per cent of the oxygen content of the sample. We have succeeded 
in overcoming this difficulty in large part by freeing the blood of 
oxygen as completely as possible by evacuation before mixing 
with the cyanide reagent, by mixing only under diminished oxygen 
pressure, by using the minimal effective concentration of KCN, 
and by limiting the period of equilibration. In practice we have 
introduced 0.5 N KCN saturated with caprylic alcohol into the 
analyzer and freed it from dissolved gas by evacuation. 2 cc. of 
this solution were then retained in the trap of the apparatus, and 
the remainder rejected. A sample of 5 cc. of serum was then 
introduced and evacuated by shaking without mixing with the 
trapped cyanide reagent. After 3 minutes shaking, the reagent 
in the trap was permitted to flow into thelarge bulb of the analyzer 
and shaking was continued for 3 minutes more. Thereupon the 
entire solution was drawn into the trap and thus separated from 
the extracted gases which were then measured in the usual manner. 
The results obtained by this method on Limulus and Busycon 
blood will be seen to be quite as satisfactory as those secured with 
those forms with which the acetic acid reagent could be used. 
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Estimation of Dissolved Oxygen. 


In the case of the bloods which contain hemocyanin the oxygen 
capacity is so small that the quantity of gas held in the blood in 
physical solution when in equilibrium with atmospheric air is an 
important fraction of its total content. We have utilized the 
fact that the addition of cyanide destroys the ability of blood to 
combine with oxygen as a means of measuring its ability to dissolve 
oxygen without altering materially the salt or protein content. 
To 30 cc. of Limulus serum 0.6 ce. of 10 per cent KCN was added 
and the mixture equilibrated by rotation at 21°C. with atmospheric 
air (p.776.mm.). Samples removed from tonometer from time to 
time were analyzed yielding 0.50, 0.50, 0.48, 0.47, 0.49, 0.49, 0.48, 
0.48, 0.46; mean 0.484 volumes per cent. The mean value corre- 
sponds to an absorption coefficient of 0.0235. According to Fox 
(1909) the oxygen absorption coefficient of sea water of salinity 
18,000 at 21°C. is 0.0255. Our value implies that hemocyanin de- 
presses the solubility of oxygen in Limulus blood nearly 10 per cent— 
a quantity not excessive when it is noted that this protein made up 
8 per cent of the weight of this specimen. We have corrected the 
oxygen contents of the serum of all species by subtracting 0.49 
volumes per cent without attempting to modify this value for 
changes in temperature or hemocyanin concentration. In the 
experiments on purified Limulus hemocyanin the dissolved oxygen 
has been separately determined by the foregoing method. 

As a check on our methods of analysis and their standardization 
and calibration, we have estimated the strength of a dilute solution 
of hydrogen peroxide simultaneously with the Van Slyke analyzer, 
as described by Harington and Van Slyke (1924), by titration with 
thiosulfate as used in the copper method and checked against the 
copper standard and also by titration against a solution of KMnQ, 
standardized against a carefully prepared 0.1 N solution of sodium 
oxalate. In this way we have not only confirmed the relative 

values of the oxygen and copper methods, but have checked their 
absolute values against an independent standard. 


Concentration of H202. 


mols 
ee OM. ats wd eae een ene een Geis 7.32 X 10-3 
Copper sg EER Ree gn ean PEST Thee 7.42 xX 10-3 
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Oxygen : Copper Ratio. 


The results of our experiments, which are recorded in Table I, 
are expressed in mg. atoms per liter in order to bring out simply 
the combining ratios of copper and oxygen in the blood. Column 
1 gives determinations of the amount of oxygen bound as oxyhemo- 
cyanin. This value is obtained by subtracting 0.49 volumes per 
cent from the total yield of gas as obtained by analysis in order 
to correct for the amount of oxygen present in physical solution. 
The combined oxygen in volumes per cent is then multiplied by 
2 X 10 ; : , : 
34 to give the result in mg. atoms per liter. Column 2 gives 
the yield of copper, expressed also in mg. atoms per liter. Column 
3 gives the ratio of the mean values obtained for the combined 
oxygen and for the copper content. 

Data are presented concerning the blood of nine species of ani- 
mals representing the principle groups known to produce hemo- 
cyanins. In every case the results are similar and indicate that 
these hemocyanins combine 1 atom of oxygen for each atom of 
copper in the molecule. In no case does the experimental result 
deviate by more than 10 per cent from this theoretical ratio. 
These results are in exact agreement with those obtained by 
Begemann (1924) on two other species, Helix pomatia and Carcinus 
menas. 

It is disappointing to observe in such a large series of measure- 
ments, which approach so closely to theoretical requirements, that 
in practically every case the oxygen yield is smaller than the copper 
content. In some cases this discrepancy is almost certainly 
greater than any demonstrable deficiency in method can account 
for. It may be pointed out that a number of situations all com- 
bine to produce errors in this direction. These are (1) partial 
denaturation of hemocyanin, (2) incomplete saturation with oxy- 
gen, (3) incomplete extraction in analyzer, (4) the losses due to 
oxygen fixation in the cyanide technique. Peters (1912) accepted 
an error in this direction of 2 per cent in establishing the combining 
proportions of oxygen and iron in hemoglobin. In working with 
substances which combine only one-tenth or one-twentieth as 
much oxygen, an error which on the average is not over 6 per cent 
is not disproportionately large. 
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TABLE I. 
O2 Cu O2:Cu 
(1) (2) (3) 
mg. atoms per l.| mg. atoms per l. 
Limulus polyphemus (horseshoe 1.45 1.54 
crab), Specimen 26. (1.69) 1.55 
1.54 1.57 
1.44 
1.52 
 cimik ri kdepenecdhasekecen 1.49 1.55 0.96 
Limulus polyphemus, Specimen 27. 2.03 2.12 
2.14 2.17 
2.09 2.23 
2.02 2.20 
2.00 2.20 
ERE eee eee rer 2.06 2.18 0.94 
Homarus americanus (lobster). 1.34 1.40 
1.35 1.40 
1.38 1.39 
1.30 1.42 
1.26 1.42 
1.32 1.43 
EER Te aR ay Oe 1.33 1.41 0.94 
Libinia emarginata (spider crab). 1.23 1.40 
1.26 1.39 
1.21 1.37 
1.26 1.39 
1.36 
ERE pr eer 1.24 1.38 0.90 
Callinectes sapidus (blue crab). 0.64 0.63 
0.65 0.64 
0.65 
a a la a 0.65 0.63 1.03 
Ovalipes ocellatus (lady crab). 1.16 1.21 
1.22 1.21 
1.17 1.20 
PR cisicecewecheunieskaxonececs 1.18 1.21 0.98 
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TABLE I—Concluded. 












































Oz Cu O2:Cu 
(1) (2) (3) 
mg. atoms per l. | mg. atoms per l. 

Cancer borealis (Jonah crab). 0.85 0.92 
0.87 0.92 
0.84 0.92 
0.88 0.92 

ean dc aes eceb main 0.86 0.92 0.93 
Busycon canaliculatum (conch). 2.37 2.48 
2.25 2.45 

2.29 

ERTS Berta iy eee ee 2.30 2.46 0.94 
Busycon carica (conch). 0.86 0.97 
0.88 0.97 
0.87 0.99 
0.89 0.99 
(0.96) 0.97 

RSE ANE RR Bes ee ae epee 0.88 0.98 0.90 
Loligo pealei (squid), Specimen 15. 3.62 4.09 
3.80 4.04 
3.75 4.12 
3.81 3.99 
3.87 4.04 
3.65 3.98 
3.71 4.09 

El a atl 3.7 4.05 0.92 
Loligo pealei, Specimen 16. 3.13 3.30 
3.06 3.40 
3.07 3.32 
3.12 3.32 

Ree ore eo rs 3.10 3.33 0.93 














The occurrence of a simple combining ratio may be taken as 
evidence that oxygen is bound by hemocyanin in strict stoichio- 
metrical proportions. This conclusion is strengthened by the 
fact that the same ratio is obtained with hemocyanin dissolved in 
widely different electrolytic environments—in spite of the fact 
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that such conditions affect greatly the equilibria between oxygen 
and these proteins. Table II contains measurements made upon 
two specimens of Limulus hemocyanin. In one case the material 
had been carefully purified by fractional precipitation with am- 
monium sulfate followed by dialysis; in the other, hemocyanin was 
dissolved in 15.6 per cent ammonium sulfate. The results in both 
cases are in close agreement with those obtained on fresh blood. 

The direct chemical character of the union of hemocyanin and 
oxygen is further indicated by the fact that the combining ratio 


TABLE II. 









































Or re) Oz ‘ 
content. po. a Cu Cu:0 
mg. atoms | mg. atoms | mg. atoms mg. atoms 

per l. per l. per l. per l. 
Limulus hemocyanin VIIIe, | (2.32) | 0.45 2.10 
7.71 per cent solution, salt- | 2.40 0.48 2.08 
free. 2.45 0.46 2.07 
2.55 2.08 
2.58 
2.42 
2.42 
2.48 
RENTS | 2.47 | 0.46 | 2.01 | 2.08 | 0.96 
Limulus hemocyanin VIIIa, | (1.18) | 0.27 1.25 
4.25 per cent solution in| 1.47 0.23 1.30 
15.6 per cent (NH,4),SO,. 1.48 0.22 1.24 
1.45 0.22 1.30 
© I NN RR | 1.47 | 0.23 | 1.24 | 1.27 | 0.98 








is the same in such a diverse group of hemocyanins, in some of 
which the physical properties and composition are known to differ 
widely. It suggests that in spite of their diversity the various 
hemocyanins possess an essentially identical copper group which 
combines with oxygen. 

If we are to accept the constancy of the ratio as evidence of 
definite combining proportion, we must also accept 1:1 as its true 
value. This follows from the fact that all possible ratios of small 
numbers such as 1:2, 2:3, 3:4, and 4:5 are adequately excluded by 
the data. Ratios involving larger integral numbers become in- 
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creasingly improbable for they imply numbers of copper atoms in 
the molecule equal to their larger number. This in turn, in the 
case of those hemocyanins of which the copper content is ade- 
quately known, leads to molecular weights larger than any yet 
recorded for proteins. In the case of Limulus hemocyanin there 
are probably 2 copper atoms in the molecule; hence the only pos- 
sible ratios are 1:1 and 1:2. 

It is of interest to note that the bloods of Busycon canaliculatum 
and Busycon carica do not differ from the others. These bloods 
contain a hemocyanin to which the special name hemosycotypin 
was given by Mendel and Bradley (1907). These authors found 
that hemosycotypin contains considerable quantities of zine as 
well as copper. There is no reason to believe from our experi- 
ments that the zine contributes to the respiratory function of these 


bloods. 
SUMMARY. 


1. In a series of nine species of animals it is demonstrated that 
oxygen combines with the hemocyanin in simple stoichiometrical 
proportion. 

2. In all of these oxyhemocyanins 1 atom of oxygen is combined 


for each atom of copper in the molecule. 
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INTRODUCTION, 


In previous papers from this laboratory (1-3) it has been shown 
that the change from hemoglobin to methemoglobin involves 1 
equivalent of oxidizing agent per iron atom of the hemoglobin 
molecule. The oxidation of hemoglobin to methemoglobin and 
the reduction of the latter to hemoglobin appear to be a strictly 
reversible change and may be formulated, therefore, according to 
the principles of electrochemistry. An inert electrode immersed 
in mixtures of hemoglobin and methemoglobin gives a potential 
which is a function of the concentration of the two components. 
There is great difficulty, however, in obtaining consistent and 
reproducible results and the values of the normal potential (7, 
Equation 1) which we have obtained have been uncertain by as 
much as 20 millivolts. 


ss - RT (Hb) 
"=e oF = (MHb) 


The present work was undertaken in order to establish the 
reversibility of the system and to evaluate the oxidation-reduction 
potential by a method independent of the use of electrodes or an 
electrochemical cell. A new aspect of the problem became appar- 
ent when Adair’s (4) and Svedberg’s (5) results showed that each 
molecule of hemoglobin contained not 1 but 4ironatoms. On the 
old basis of the molecular weight of 16,700 (1 iron atom) the n in 
Equation 1 would be 1; on the basis of the new molecular weight 
it would be 4 if there were no intermediate compounds. A direct 
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determination of n by electrochemical means is hardly feasible in 
this particular case because of the difficulties connected with the 
equilibria at the electrodes. By measuring the equilibria between 
certain reversible oxidizing agents and hemoglobin it has been 
possible to confirm in a general way the electrochemical results 
and to evaluate n within +50 per cent. The significance of the 
value found (about 2) and its connection with the exponent in 
Hill’s equation for the combination of hemoglobin and gases will 
be the subject of another paper. 

For purposes of simplification we shall express the reaction 
between hemoglobin and an oxidizing agent in terms of equiva- 
lents of hemoglobin throughout this paper. That is, we shall 
consider the change from the ferrous iron characteristic of hemo- 


TABLE I. 
Potentials of Certain Oxidizing Agents and Their Action with Hemoglobin. 





Normal potential Reaction with 








| “ens 9 Hb (1 equivalent). 
volts | per cent = 
Potassium ferricyanide.................. +0.420 100 

gn ee | +0.238 | 98+2 
BN RR rere er OP Pre | +0.205 90+3 
1-Naphthol-2-sulfonate-indophenol........| +0.135 3642 
Indigo tetrasulfonate..................... —0.040 None. 

The value of m) for Hb — MHb as determined electrochemically = 


+ 0.125 + 0.020. 


globin to the ferric iron of methemoglobin without any assumption 
in regard to the number of such atoms in the molecule. We shall, 
however, assume that there are only two molecular species— 
hemoglobin (ferrous) and methemoglobin (ferric). Although this 
assumption may well be incorrect (as will be shown in another 
paper) it seems best to treat the results from this simple point of 
view and then consider later their interpretation on another basis. 


Proof of Reversibility of the System. 


The oxidation-reduction potential of the hemoglobin-methe- 
moglobin system at pH 6.9 was previously estimated at +0.125 
+0.020, the normal hydrogen electrode being taken as unity. 
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The reversible oxidizing agents which can be used in the presence 
of protein at this acidity and whose potentials have been measured 
are given in Table I. 

The indophenols were those developed by W. M. Clark for use 
as oxidation-reduction indicators. The values of the potentials 
are corrected to 25° from his values (6-8) on the basis of work 
done in this laboratory. The extent of the oxidation with 1 
equivalent of each reagent is given in the last column. The 
determinations were made by the spectrophotometric method 
described below. 

All of the oxidizing agents listed in Table I, except ferricyanide, 
involve 2 equivalents per mol. The potential of such reagents at 
25° and constant hydrogen ion activity is given by Equation 2, 
) 


. (S, 
(2) E = E,’ — 0.03 log iS.) 





where (S,) and (S,) are the concentrations (mols per liter) of the 
reduced and oxidized forms of the reagent respectively. ‘The 
potential of the hemoglobin-methemoglobin system may be 
expressed by Equation 3, where (Hb) and (MHb) represent the 


(3 - 0.06 | (Hb) 
-” wilt °8 (MHb) 


n 
concentration of the two substances. Since we shall treat the 
hemoglobin molecule as of unknown size, (Hb), and (MHb),, 
the concentrations are best expressed in terms of ferrous and ferric 
compounds;since a ratio of concentrations is involved, the value of 


neancels. This n does appear in the term = and it is this term 


that determines the slope of the usual E.M.F. curve. 
When an oxidizing agent and hemoglobin are mixed, a reaction 
will take place until = E. For the reaction 


2(Hb), + nS, = 2 (MHb), + nS, 
we may write Equations 4 and 5. 


(S,) 0.06 (Hb) 


(4) +2, = 0: — << 
( E, T 0.03 log (S.) rs og (MHD) 
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MELD agg agg 
" 003.  — § (Ss  ~ = (MHb) 


The right-hand side of Equation 5 is obviously equal to log K of 
the reaction written above. 


_ [(MHb),]? (S,)" 
ies [(Hb),|? (S,)” 


If we start with M equivalents of hemoglobin per liter, ME 
equivalents of oxidizing agent, and ML equivalents of reduced 
form of the oxidizing agent and let X be the fraction of hemoglobin 
oxidized we have at equilibrium 


(Hb) = M (1 — X); (MHb) = MX 


M(E — X) M(L + X) 
(S.) = ————;; (8) = ——— 


9 


Substituting in Equation 5 we have 


6) n(E,’ — xo) , L+X 7 1—X 
0.03 $E-X - - 





In the case of these experiments, the results of which are sum- 
marized in Table I (last column), FE = landL=0. Itis evident 
that the value of 7, must be below that of Z,’ for the first three 
reagents since X is nearly 1 and therefore the right-hand side of 
Equation 6 is positive; it must be above the potential of indigo 
tetrasulfonate since X is very small (too small to be appreciable) 
aoa a To) is therefore negative. The oxidation- 
reduction potential of the hemoglobin-methemoglobin system is 
evidently in the neighborhood of the value of £Z,’ for the naph- 
thol-indophenol; the exact evaluation depends on the value of n 
but qualitatively the results confirm the electrochemical measurements. 

The reversibility of the reactions between the naphtholsul- 
fonate-indophenol and hemoglobin was established by adding 1 
equivalent of the reduced form of the reagent (leuco form) to the 
reaction mixture in several experiments. The extent of oxidation 
dropped from 36 per cent to 19 per cent as determined spectro- 
photometrically. This experiment, together with those recorded 
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in Table I, constitutes the most rigorous proof possible of the 
reversibility of the hemoglobin-methemoglobin system (9). This 
proof was particularly necessary in the case of this system because 
of the electrochemical difficulties which-have been mentioned. 


Determination of Approximate Value of n in Electrochemical Equa- 
tions with the Aid of Spectrophotometric Measurements. 


In order to evaluate n in Equation 6, it is necessary to determine 
the extent of the oxidation in a number of experiments in which the 
equivalents of oxidized and reduced form of the reagent are varied. 
From such data without any knowledge of the value of z., n may 
be determined. Unless the extent of oxidation is between 20 and 
80 per cent, it is difficult to obtain significant results since the ratio 
of X to 1—X is involved. Therefore, only the experiments with 
one reagent, namely 1-naphthol-2-sulfonate-indophenol, provided 
data of sufficient accuracy for even an approximate evaluation of 
n. The experiments are summarized in Table IV. 

The spectrophotometric method of measuring the extent of the 
oxidation of hemoglobin may be illustrated by considering the 
action of potassium ferricyanide. In the absence of oxygen and 
carbon monoxide this reaction proceeds to analytical completion. 
Fig. 1 shows the plot of the spectrophotometric data obtained with 
hemoglobin and ferricyanide at 23-26° and pH 6.9. The experi- 
mental details of these experiments and those with the dyestuff 
are given below. 

The three curves shown in Fig. 1 correspond to pure hemoglobin 
(Curve I), hemoglobin and 3 equivalent of ferricyanide (Curve II), 
hemoglobin and an excess of potassium ferricyanide (Curve III). 
Experiments showed that the position of this last curve (III) was 
independent of the amount of ferricyanide added provided at 
least 1 equivalent was employed. It corresponds closely to the 
published data for methemoglobin (Haurowitz (10)). The length 
of the cell and the concentration of the solutions were the same in 
the three experiments shown in Fig. 1. Therefore, the negative 
log of the transmitted light is directly proportional to the amount 
of the colored substances present. This negative log of the frac- 
tion of light transmitted (7') is sometimes referred to as optical 
density. It is plotted vertically in Fig. 1, the wave-length scale 
being given horizontally. The values of 7 (the fraction of light 
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transmitted) have been placed along the vertical axis for purposes 
of reference. 
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Fig. 1. Spectrophotometric curve of mixtures of hemoglobin and ferri- 
cyanide in the absence of oxygen at pH 6.9. Curve I, pure hemoglobin; 
Curve II, hemoglobin plus } equivalent of ferricyanide; Curve III, hemo- 
globin plus excess of ferricyanide (complete oxidation). 


Since the linear distance (vertically) in Fig. 1 corresponds to 
—log T it is evident that the curve for a mixture of equal amounts 
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of hemoglobin and methemoglobin (in this cell and at this concen- 
tration) should fall half way between Curves I and III. This is 
actually the case as may be determined by measurement of Fig. 1. 
This justifies the assumption that one is dealing with only two 
colored substances (the color of the ferri- and ferrocyanides is 
negligible) and that the ferricyanide reacts quantitatively. If 
there are intermediate compounds between hemoglobin and methe- 
moglobin (as there may be on the basis of the new molecular 


TABLE II. 
Spectrophotometric Data in Two Typical Experiments with Naphthol- 
sulfonate-Indophenol. 
Temperature = 26°; pH 6.9 (phosphate buffer). 




















Wave-length. 
a eee | 570s || = 560 || S850 | MO 
|r [eee] [Hee] dee] Fie 
L Hb, 1 gm. per liter. a 7.2)1.148 47 1.328 44 1.356! 6.811.168 
tas = * 136 |0.444/35 |0.446/28 10.553/21.8/0.662 


3. 1-Naphthol-2-sodium sulfon- 
ate-indophenol, 0.0428 gm. 
per liter 93.2 per cent dye, 
equivalent to Hb solution 
of 4 gm. per liter. 28. 1/0.551/20. 4/0. 690/14. 3/0. 845)10.4/0.983 

4. 20 ec. Hb, 1.5 gm. per liter + 

5 ec. dye, 0.0642 gm. per 
liter 93.2 per cent dye (1 
equivalent of dye). 6. 
. Above mixture + 5 ce. leuco | 
form of dye (1 equivalent). | 7.1/1. 149) 5.1/1 292) 4.6/1. 337 5.4/1. 267 
The final readings in Solution 4 were taken 30 minutes after mixing; 
the adjustment of the equilibrium with the leuco compound is more rapid 
and therefore the readings in Solution 5 were taken after 20 minutes. 

















~I 





ok ee ain 3.8/1.420) 4.7/1.328 











weight) they cannot be detected by spectrophotometric measure- 
ments. 

Fig. 1 also illustrates the fact that the extent of oxidation of 
hemoglobin is estimated most accurately by the spectrophoto- 
metric readings at certain wave-lengths near the head of the hemo- 
globin band (550 mu). The change in optical density for a given 
fraction of oxidation is greatest at this point. This region is also 
one in which the eye is sensitive. 
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In Table II are recorded the data for a typical experiment with 
the indophenol. This differs from the ferricyanide experiment in 
that the color of the oxidized form of the reagent must be con- 
sidered (the reduced form is colorless). The extent of the oxida- 
tion in the case of ferricyanide is the ratio of the change in —log 
T (Curve I — Curve II, Fig. 1) to the total change for complete 
reaction (Curve I — Curve III). With the indophenol the total 


TABLE III. 
Illustrating Method of Calculating Extent of Reaction. 


The data in Table IT were used. 





Wave-length. 
Explanation. = SS = 
570 560 550 540 





= u a ms 
A. If no reaction occurred —log T for | 
—log T 

Hb plus a ee 1.281 | 1.501 | 1.567] 1.414 


B. Optical density of reaction mixture | 
at same concentration as other | 








A-—B 


solutions.  § (—log 7) of mixture.| 0.978 | 1.118 1.183 | 1.107 
C. Optical density after adding leuco | 
ES ee ere eee 1.149 | 1.292] 1.337 267 
D. Optical density if action was com- 
plete (100 percent MHb).......... 0.444 | 0.446 | 0.553 0. 662 
Per cent reaction with 1 equiva- | | 
A-—B 
lent of dye, —— X 100........... 36.2 36.3 | 37.9 | 41.8 
A-D | 
Per cent reaction with 1 equiva- | 
lent of dye + 1 of leuco compound | 
A-C 
et Te CCE Cee ee 15.8 | 19.8 | 22.8 19.5 





change for complete reaction is not only the difference in absorp- 
tion of hemoglobin and methemoglobin but the disappearance of 
the colored indophenol to the extent of 1 equivalent. 

Table IIT gives the calculation in detail for the two experiments. 
For convenience the measurements are all converted to a concen- 
tration of hemoglobin of 1 gm.per liter. This was readily accom- 
plished since the same cell was used throughout. The indophenol 
was actually measured in 4 times the concentration, therefore 
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lof —log T is added to the value of —log T for pure Hb in Experi- 


4 
ment A (Table III). The actual reaction mixture with 1 equiva- 
lent of indophenol (Solution 4) had a concentration of hemoglobin 
of 1.2 gm. per liter and therefore to refer its optical density to a 
basis of 1 gm. per liter § of —log 7 was taken in Experiment B. 
In the reaction mixture to which the reduced indophenol had been 
added the concentration was 1 gm. per liter and no correction was 
necessary. The calculation of the extent of the reaction in the 


TABLE IV. 
Summary of Results with 1-Naphthol-2-Sulfonate-Indophenol. 
Concentration of Hb = 1 gm. per liter; temperature, 23- 26°; pH 6.9. 



































Fraction oxidized. 
1 ayy lp ae 
: lequiv-|2equiv-| 2/ent | alents | Value of n calculated 
Material. alent alents So» So» from eaeneun wale 
So. S,. |lequiv-|1 equiv- of A and: 
alent alent 
4. Sp. 
|} (A) | (@) (C) (D) B c | D 
‘ ae Cees 
Recrystallized Hb I...... 0.377/0.511*) 0.201/0.2237| 4.2 1.8; 1.8 
«“ a ee 0.344/0.539 | 0.160/0.265 | 3.1| 2.6] 1.2 
«“ a eee 0. 362/0.485 | 0.142/0.108 |. 1.6} 3.0| 4.8 
“ rE cen | 0.3860.457 | 0.152/0.196 | 1.0] 2.8] 2.3 
Manas RS Cala 5 ji_—_ |__| 
sic cuckcuans .| 0.367 | 2.5 | 2.5] 2.5 
! 





* In this experiment 1.68 equivalents of oxidizing agent were used. 
t In this experiment 1.68 equivalents of oxidizing agent and 1.68 equiv- 
alents of leuco compound were used. 


two mixtures is given in Table III for four wave-lengths. In 
averaging these and all similar values the readings at 560 mp and 
550 mu were counted twice since they seem to offer the best chance 
for accuracy. Such averages are given in Table IV. 


Experimental Procedure. 


The hemoglobin solutions were prepared from oxyhemoglobin 
crystals which were made in accordance with directions furnished 
by Dr. E. J. Cohn and Dr. R. M. Ferry (11). Red corpuscles from 
horse blood were washed with hypertonic potassium chloride 
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solution and laked by repeated freezing and thawing. A small 
amount of dilute potassium hydroxide was added to hold the 
material in solution while unlaked corpuscles were separated by 
centrifugation. Finally the solution was brought to a pH of 6.6 
by means of a phosphate buffer mixture, and vigorously agitated 
with air to insure complete oxygenation. The crystals of oxy- 
hemoglobin were centrifuged out, well washed with ice water, and 
dissolved in a buffer mixture of such concentration that the re- 
sulting solution contained per liter 20.71 gm. of NasHPOu,, 8.5 gm. 
of KH:PQO,, and 0.5 gm. of H;BOs3, the boric acid serving as a 
preservative. The pH of this buffer mixture at this concentra- 
tion in the absence of hemoglobin was found to be 6.9 at 23°. 

The solution of oxyhemoglobin was next freed from oxygen by 
prolonged pumping and shaking with nitrogen. It was then ana- 
lyzed for oxygen, for hemoglobin, and for methemoglobin by the 
methods described by Van Slyke (12). Pumping was continued if 
necessary to remove the last traces of oxygen. The solutions 
never contained more than traces of methemoglobin. They were 
kept at 0°C. and showed no change for a considerable time. 

The spectrophotometric measurements were made with solu- 
tions containing 1 gm. of hemoglobin per liter. For convenience, 
a solution containing exactly 2 gm. per liter was prepared from the 
stock solution by diluting with oxygen-free buffer solution. This 
solution was mixed with an equal volume of a buffer solution of 
the various reagents and the light absorption of the mixture was 
measured. 

The tonometer and cell used for the spectrophotometric meas- 
urements are shown in Fig. 2. They were made of Pyrex glass. 
The windows of the cell (A) were fastened on with de Khotinsky 
cement. The filter (B) was a disk of alundum fused into a Pyrex 
tube. It was found useful in preventing grease from the stop-cock 
or any cloudiness from the solutions from getting into the cell. 
The length of the cell was 18.1 mm. 

The reagent was first introduced into the tonometer (C) which 
was held in such a position that no solution entered the cell while 
the dissolved oxygen was being removed by evacuation. An 
equal volume of the hemoglobin solution was next run into the 
tonometer and the two solutions thoroughly mixed. The cell 
was filled by turning the tonometer and admitting nitrogen. 
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The color change is not instantaneous when the dyestuff is 
mixed with the hemoglobin but proceeds rapidly during the first 
few minutes and is substantially complete in 15 to 20 minutes. 
The readings recorded were taken 30 minutes after mixing. The 
adjustment of the equilibrium after adding the leuco compound is 
more rapid and the final readings were obtained after 15 to 20 
minutes. 

The spectrophotometer employed was that manufactured by 
Keuffel and Esser and known as the K. and E. Color Analyzer. 
It has been described in detail in several papers (13, 14). In 
using the spectrophotometer care was taken to avoid eye-strain 
by arranging the work so as to avoid taking too many readings at 
a time, or going unnecessarily into a brightly illuminated room. 


A 








= 


D 





Cc 


Fic. 2. Tonometer and cell used in spectrophotometric study of the 
oxidation of hemoglobin in the absence of oxygen. 


A mean of three to five settings for each reading was taken de- 
pending on the degree of consistency of these readings. 

The dyestuffs mentioned in Table I were prepared in this 
laboratory by methods given by Clark (6-8). Their purity was 
tested by titrating them with a 0.02 m solution of TiC]; in the 
presence of 0.1 m borax and 0.2 m sodium tartrate, the TiCl; 
solution having been standardized against a known solution of 
potassium ferricyanide. The end-points, judged by the potential 
of the electrodes, corresponded with the disappearance of the color. 
The 1-naphthol-2-sodium sulfonate-indophenol, air-dried, was 
found to be 93.2 per cent pure, computed as the monosodium salt, 
with a molecular weight of 351. The solutions in the buffer at pH 
6.9 were found to change appreciably on standing (in some cases as 
much as 10 per cent decrease in color in 24 hours), so that the 
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solutions were made up just before use. Solutions of the leuco 
form of the dyestuff were made by reducing a portion of the 
solution with hydrogen in contact with platinized asbestos. It was 
assumed that the normality of the resulting solution was the same 
as that of the dye. 

The final results of sixteen experiments are given in Table IV. 
The average value of the extent of oxidation with 1 equivalent 
(36.7 per cent) has been used as a starting point in the calculation 
of n. Substituting this in “eens 6 we obtain, —0.23 n 
el re) or log K. By use of this 
value and the data collected in Table IV, n may be calculated 
from Equation 6 for each of the other experiments. The values 
of n thus determined are given in the last three columns of Table 
IV. The variations in n calculated from the individual experi- 
ments are considerable. 

Another way of examining the experimental results is to plot 





— 0.472, for the value of 








_ ms ~ - against —log —— The slope of the curve will be 
; the value of log K will be equal to n times the value of log 
= ~d when X = 0.5, (log = = 0). In Fig. 3, the most 


probable line with a slope of 1 (n = 2) has been drawn through the 
points. It is evident from Fig. 3 and Table IV that we cannot 
determine the value of n accurately from the data but that it is 
about 2. Certainly the values n = 1 and n = 4 are excluded. 

The value of log K from the curve is —0.50 n. Thus n(E,’ — 
tT) = 0.03 X (—0.50 n). Taking the value of £,’ for the indo- 
phenol as +0.135 at 23° +2° at pH 6.9 (Clark’s data corrected 
to 23°), we find z» = +0.150. This value for the normal poten- 
tial of the hemoglobin-methemoglobin system at 23° and pH 6.9 
agrees with the earlier electrochemical measurements (+0.125 
+0.020) within the limits of error of the methods. 


Reaction between Carboryhemoglobin and Ferricyanide. 


The reaction between carboxyhemoglobin and potassium ferri- 
cyanide, which has been considered qualitatively in an earlier 
paper (3), also provides us with a method of calculating n. In 
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this case the K is for the reaction (HbCO), + n ferri — (MHb), 
+ n ferro and Equation 6 takes the form given in Equation 7. 
1-—-X 

b 4 








L 
(7) log K = n log — log 


E-X 





+0.1 


-0.1 


-02 








4 i 1 


4 1 
Gz ai 0 +0.1 +0.2 +0.3 +04 +0.5 +0.6 








L+xX 


-LOG $= 





Fic. 3. Reaction between hemoglobin and 1-naphthol-2-sulfonate- 
indophenol in nitrogen at pH 6.9. The fraction of Hb oxidized (X) de- 
termined spectrophotometrically. 


The difference is due to the fact that only 1 equivalent is involved 
in the change from ferricyanide to ferrocyanide. The results are 
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given in Table V. The extent of the reaction was determined 
gasometrically by the methods given in the previous paper (3). 


4 





The data are exhibited in Fig. 4; —log ROX is plotted against 


1-— xX 





log The slope of the curve gives the value of n (not 


TABLE V. 
Oxidation of Carboxyhemoglobin in Presence of Pure Carbon Monoxide by 
Varying Amounts of Potassium Ferricyanide; Extent of 
Oxidation Determined Gasometrically. 


Temperature 23°; pH 7.0. 














| Ratio of : 
Material. Hb a hi bier 
concentration. | ¢, equivalents oxidized 
of HbCO. 
gm. per 100 cc. 

Laked, washed cells................ 6.62 1 0.43 
“. ” Pe ed ad elpaia 6.62 1 0.45 

” 1. ake cemeh mackie 10.20 1 0.41 

” * i eae gata 10.20 1 0.43 

” - 7 aueexnaeuusurknt 4.30 1 0.48 
Recrystallized as HbO:............. 3.80 1 0.43 
Laked, washed cells................ 6.62 2 0.73 
“ - ae CT 6.62 2 0.73 
™ ” MT aieatinienacasaeo 4.30 2 4 0.78 
Recrystallized as HbO2............. 3.80 2 0.72 
" - Bat eee ee 3.80 2 0.77 
Laked, washed cells................ 4.30 3 0.85 
” - © suewwmceeaciad 4.30 3 0.84 
. - BD sees acme 4.30 3 0.88 

" ~ ee oT Oe 6.62 4 0.89 

” “ Oe eee 6.62 4 0.91 











Details of the experimental method have been given in a previous paper 
(3) (p. 582). 


; as in the case of the indophenols). The most probable line with 


a slope of 2 has been drawn through the points. While the points 
are scattered widely, they indicate that a value of about 2 is 
probably correct. As in the case of the other measurements the 
value of n = 1 and 4 seems to be excluded though the interpreta- 
tion is not as certain as in the case of the spectrophotometric 
measurements. 
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Thus the measurements of the equilibrium between hemoglobin 
and naphtholsulfonate-indophenol and the equilibrium between 





+1.0 


+0.9F 


+08F 





° 


-O1F & 











-0.2 i 1 l 1 i 1 
-02 -01 0 +0.1 +0.2 +0.3 10.4 +0.5 +0.6 


= = 
- LOG =x 
Fic. 4. Reaction between carboxyhemoglobin and ferricyanide at pH 


7.0 in pure carbon monoxide. The extent of the reaction determined hy 
gasometric analysis of the solution. 


carboxyhemoglobin and ferricyanide lead to the same conclusion. 
The value of n in the electrochemical equation is not that pre- 
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dicted on the basis of a simple reaction and a molecular weight of 
16,700 or 66,800. The exact value cannot be stated at present 
but it is probably in the neighborhood of 2. A discussion of the 
anomaly will be considered in a later paper. 


o mo de 


“I 
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AN IMPROVED METHOD OF DETERMINING 
METHEMOGLOBIN. 


By JAMES B. CONANT, NORMAN D. SCOTT, anp W. F. DOUGLASS. 


(From the Chemical Laboratory of Harvard University, Cambridge.) 
(Received for publication, November 18, 1927.) 


Within the last few years two different methods of determining 
methemoglobin have been developed. In both a reducing agent 
is employed which converts the methemoglobin to hemoglobin, 
which is then estimated gasometrically. Nicloux (1924) and 
Van Slyke (1925) make use of sodium hydrosulfite (Na2S.O0,) as 
the reducing agent and carbon monoxide as the saturating gas 
which combines with the hemoglobin formed from the methemo- 
globin by reduction. Conant and Fieser (1925) employed £- 
anthrahydroquinone sulfonate and saturated the solution with 
oxygen after the reduction, thus forming oxyhemoglobin. As 
the regeneration of methemoglobin is rapid in the presence of the 
reagents they employed, it was necessary to limit the period of 
oxygenation to 10 or 15 seconds. The use of sodium hydrosulfite 
as a reducing agent is not possible if the saturating gas isoxygen, 


-Since under these conditions the oxyhemoglobin almost im- 


mediately changes to methemoglobin. Apparently the oxida- 
tion products of sodium hydrosulfite have a catalytic influence on 
the rate of methemoglobin formation. 

While the sodium hydrosulfite-carbon monoxide method is 
extremely convenient as outlined by Van Slyke, its usefulness is 
limited. The ability to combine reversibly with carbon monoxide 
is not a unique property of hemoglobin; the various hemochromo- 
gens also combine with this gas. Hemochromogens result when 
a reducing agent is added tc a solution of hematin and a nitro- 
genous material. Thus if a solution contains any of the cleavage 
products of hemoglobin as well as methemoglobin, the results ob- 
tained by the Van Slyke procedure will be too high. This is 
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shown by the experiments reported in Table I in which hematin 
was added to a hemoglobin solution which was then analyzed for 
methemoglobin by the Van Slyke method. We first encountered 
this difficulty with the Van Slyke procedure when analyzing 
partially decomposed hemoglobin solutions by his method and one 
involving equilibration with oxygen after reduction. There 
seems no doubt but that the “total hemoglobin” determined by 
the NaS.:0.-CO method is the sum of hemoglobin, methemo- 
globin, and hematin (or cathemoglobin). 


TABLE I. 
Analysis of Hemoglobin Solutions Containing Added Hematin. 








i oy 
. . oy CO after 
Solution. reduction with 
Nae2S20.. 
per cent 
Besution A without Memmetin.......2...cccccccsetccececses 6.4 
- ‘** containing 0.30 per cent hematin.............. 12.6 
a Se I CR acs nacceewssoncsoucesens 6.9 
- ‘* containing 0.57 per cent hematin.............. 18.3 





Solution A was a solution of recrystallized horse hemoglobin in a phos- 
phate buffer of about pH 6.9. Solution B was prepared by laking washed 
horse corpuscles with water and a little saponin. The hematin was added 
in a sodium carbonate solution prepared by dissolving a weighed amount 
of crystalline hemin in 0.5 m sodium carbonate. 





Use of Titanous Tartrate as Reducing Agent. 


We have been interested in studying the action of acids and 
alkalies on hemoglobin solutions. For this purpose, it is essen- 
tial to have a method of determining methemoglobin which is 
applicable in the presence of hematin or hematin-protein com- 
binations (cathemoglobin). For example, the evidence for the 
resynthesis of hemoglobin from hematin and globin has been 
wholly spectrographic. An examination of this problem with 
the aid of a quantitative gasometric method requires a satis- 
factory procedure for determining methemoglobin since this is 
the actual product of the alleged synthesis. We have now im- 
proved the method of Conant and Fieser and have developed a 
convenient and reliable procedure for determining methemo- 
globin in the presence of its cleavage products. This method is 
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the subject of this paper. The results from our study of the 
cleavage and resynthesis of hemoglobin will be reserved for a 
later communication. 

Titanous tartrate reduces methemoglobin to hemoglobin and 
unlike sodium hydrosulfite or anthrahydroquinone sulfonate does 
not interfere with the subsequent formation of a stable oxyhemo- 
globin. We have therefore substituted this reagent for the anthra- 
hydroquinone sulfonate. This eliminates the necessity of a 


TABLE II. 


Determination of Total Hemoglobin with Titanous Tartrate and Air. 








not Solution added to stock hemoglobin —— Time of =... 7 
, solution (5 ce. to 20 cc.). titanous saturation at final 
No. tartrate. with air. dilution. 
min. | “Tope. 
1 Water. No. 5 6.89 
2 ” Yes. 3 6.69 
3 ” sas 60 6.78 
4 Phosphate buffer pH 6.9. ig 20 6.50 
5 " = * ee wg 60 6.13 
6 0.5 equivalent K;Fe(CN)<.. No. 5 4.11 
7 0.5 sa a Yes. 5 6.77 
8 1 ” - No. 5 0.7 
9 1 ” - Yes. 5 6.87 
10 2 equivalents No. 5 0.21 
11 2 si - Yes. 5 6.50 
12 Sodium carbonate containing 0.57 - 5 5.69 
per cent hematin. 

















rapid manipulation during the saturation with oxygen which was 
the chief drawback of the first method developed in this labora- 
tory. The titanous tartrate is extremely sensitive to oxygen and 
is best prepared in each determination by adding titanous 
chloride to a mixture of sodium borate and sodium tartrate in a 
tonometer filled with nitrogen. The method may be applied to 
salt-free protein solutions or those containing phosphates or 
borates. The procedure is given in detail below and some typical 
results are summarized in Table II. 
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Analytical Method. 


Solutions.—Three solutions are required for this work. They 
are (1) a 20 per cent solution of titanous chloride; (2) a 0.2 m 
solution of borax saturated with sodium tartrate; (3) Solution 2 
containing enough sodium hydroxide to neutralize the free hydro- 
chloric acid present in } the volume of Solution 1. A rough 
titration of the titanous chloride (which can be purchased as a 
20 per cent solution) with standard sodium hydroxide until a 
permanent precipitate just appears serves to determine the 
amount of sodium hydroxide which must be incorporated in 
Solution 3. As a rule this borax-tartrate mixture must be about 
2 m in sodium hydroxide. 


Experimental Procedure. 


A tonometer is filled with oxygen-free nitrogen by being thrice 
evacuated and filled, and into the tonometer are run 1.60 cc. of 
the alkaline borax-tartrate mixture (Solution 3). The tonometer 
is turned so that the solution wets the walls and 0.40 cc. of the 
20 per cent titanous chloride is now run in. (The solutions are 
added through the capillary attached to the stop-cock in such a 
manner that no air is introduced.) The tonometer is now rotated 
so that the titanous chloride and the alkaline borax-tartrate solu- 
tions are mixed, and 0.50 cc. of Solution 2 (borax-tartrate mixture) 
is run in to rinse the bore of the stop-cock. The mixing of the 
contents of the tonometer should be complete but it is not neces- 
sary to wait for the green precipitate to dissolve. 10 cc. of the 
hemoglobin solution are now added through the stop-cock, the 
last bit being blown in with nitrogen. The tonometer is now 
shaken for 5 minutes or a somewhat longer time during which 
the precipitate dissolves and the solution becomes dark purple. 
The nitrogen is next removed by evacuation and air is admitted. 
The tonometer is shaken for at least 5 minutes to insure satura- 
tion of the reduced hemoglobin with oxygen. A sample is now 
withdrawn in the usual manner and the combined oxygen deter- 
mined in the Van Slyke apparatus (Van Slyke and Neill, 1924). 
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Representative Results. 


The results summarized in Table II were obtained by use of 
the Van Slyke apparatus and procedure for determining combined 
gases. The reduction with titanous tartrate was performed as 
just described. The hemoglobin solution was prepared by laking 
washed horse corpuscles with a little saponin and centrifuging. 
In each experiment 20 ce. of the stock hemoglobin solution were 
mixed with 5 ec. of the solutions given in the second column. 
10 ec. of the mixture were taken for analysis each time and during 
the reduction were further diluted by the 2.5 ec. of reducing mix- 
ture or in case no reduction was performed 2.5 ec. of water were 
added. The percentage of total hemoglobin is thus in terms of 
the final solution which was actually analyzed for oxygen capacity. 

The first five experiments show that there is a slight lowering 
of oxygen content if the final equilibration with air is prolonged 
much beyond 5 minutes; we have therefore chosen this as the 
most suitable time interval. The pairs of experiments, Nos. 
6 and 7, Nos. 8 and 9, and Nos. 10 and 11, illustrate the effective- 
ness of the method as applied to solutions containing a consider- 
able amount of methemoglobin. Experiment 12 is to be com- 
pared with the results given in Table I and shows that the 
presence of hematin does not raise the apparent total hemoglobin 
content as it does when carbon monoxide is used as the saturat- 


ing gas. 
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STUDIES ON GOSSYPOL. 


II. CONCERNING THE NATURE OF CARRUTH’S D GOSSYPOL. 
By E. P. CLARK.* 


(From the Food Research Division of the Chemical and Technological Research 
Branch of the Bureau of Chemistry and Soils, United States 
Department of Agriculture, Washington.) 


(Received for publication, November 26, 1927.) 


In the manufacture of cottonseed oil by the prevailing practice 
in this country, cotton seeds are decorticated, crushed, and then 
subjected to a so called cooking treatment, after which the oil is 
expelled by hydraulic pressure. There are two general methods in 
use; namely, the open kettle and the continuous cooker process. 
In the former, the crushed kernels are agitated in large steam- 
jacketed kettles, sometimes with the addition of steam. In the 
continuous process, the crushed seeds are stirred as they are 
passed through steam-jacketed drums to the cake formers. In 
both these methods there is considerable variation in the time and 
temperature of the processing, but generally from 25 minutes to 
2 hours is the time of treatment, and from 20 to 40 pounds of steam 
pressure are maintained in the jackets of the drums or kettles. 
After expelling the oil the hard press cake is ground, forming the 
cottonseed meal of commerce. 

Oneof the normal constituents of cottonseed is a toxic substance 
known as gossypol (1-3). The quantity present varies from 0.4 
to 1.2 per cent, depending upon where the seeds are grown, climatic 
conditions, and other factors (2). It is easily obtained by solvent 
extraction, ether, perhaps, being the most desirable menstruum 
for this purpose. However, when cottonseed meal, prepared as 
outlined above, is extracted for gossypol in the same manner as the 
untreated seeds, the quantity obtained is many times less than 


* This work was done under a research fellowship supported by the Inter- 
state Cottonseed Crushers’ Association. 
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that found in the raw kernels although little or none of the sub- 
stance is present in the expelled oil (4). Coincident with the 
diminution of extractable gossypol, the toxicity of the meal as 
compared with the untreated seeds also becomes much less (4-7). 
Some investigators have explained this phenomenon as being due 
to a change in the gossypol molecule that is supposed to occur 
during the cooking and pressing process. Withers and Carruth 
(4-6) have advanced the idea that the reaction is mainly one of 
oxidation. The oxidized gossypol, which is considered to be non- 
toxic, or at least much less toxic than the parent material, has been 
called by Carruth (5) D gossypol. More recently Sherwood (8) 
has suggested that the transformation of gossypol to D gossypol 
is one of hydrolysis. In either case the assumption has been made 
that D gossypol is an individual substance derived from gossypol 
through an alteration of the molecule of the latter. The support 
of this idea, however, rests upon indirect evidence only, as D 
gossypol has never been isolated. On the other hand, hot aniline 
extraction of cottonseed meal gives a crystalline material having 
the general appearance of dianiline gossypol previously described 
(9). The substance has been considered a derivative of D gos- 
sypol, and in the literature it is known as aniline D gossypol; 
but as no thorough analysis of it has been recorded, it has been 
impossible to arrive at any definite conclusions concerning its 
nature. 

In connection with the study of the gossypol problem being 
made in this laboratory, aniline D gossypol has been investigated 
‘ and found to be identical with dianiline gossypol, which is ob- 
tained by condensing pure gossypol with aniline. The evidence 
upon which this statement is made is as follows: The two sub- 
stances have the same melting point, and no depression occurs 
when they are mixed. They possess the same optical properties. 
Their molecular weights are the same within the limits of experi- 
mental error. Their elemental composition is identical, and 
finally, upon hydrolysis of aniline D gossypol, a substance is 
obtained which is identical both chemically and physiologically 
with analytically pure gossypol. This evidence indicates that the 
gossypol molecule has undergone no chemical alteration such as 
oxidation or hydrolysis, as suggested by the investigators men- 
tioned before. Furthermore, the information materially simplifies 
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the problem of the fate of gossypol during the cooking and pressing 
treatment and leads to an hypothesis concerning the mechanism 
of the process whereby gossypol becomes bound and is also 
rendered more or less physiologically inert. This hypothesis is as 
follows: During the heating and pressing to which the seeds are 
subjected the resin glands containing the gossypol (1) are dis- 
rupted and possibly much of the gossypol is dissolved in the oil 
present. It thus comes in intimate contact with the proteins of 
the seeds and in this condition, favored by heat and pressure, 
probably condenses with free amino groups of the protein mole- 
cules, as it does with many primary amines, forming substances 
similar in type to the dianiline gossypol. The material is thus 
bound rendering it insoluble and as far as is known physiologically 
inert.! The work of Jones and Waterman (10), in which they 
found that peptic and tryptic digestion of casein and cottonseed 
globulin was reduced 15 per cent when treated with 1 per cent 
gossypol, lends support to this idea. 

Whether or not this explanation is correct, it can be stated 
definitely that the cooking and pressing process used in the manu- 
facture of cottonseed oil produces no chemical alteration in the 
gossypol molecule. In the light of this information it would seem 
desirable to discontinue the expression D gossypol, because of its 
generally accepted meaning, and substitute for it the term bound 
gossypol. 

EXPERIMENTAL. 
Preparation of Aniline D Gossypol. 


Cottonseed meal, which had previously been thoroughly ex- 
tracted with ether, was digested at 110°C. for 10 minutes with 
twice its weight of aniline. After removing as much aniline as 
possible from the meal by filtration on a Buchner funnel, the 
residue was washed thoroughly with ether. This wash liquor was 
distilled under reduced pressure to remove the ether, and the 


* Withers and Carruth (6) advanced a somewhat similar view, suggesting 
that while most of the gossypol disappears by means of an oxidation pro- 
cess, some may become bound through condensing with amino and carboxyl 
groups of protein molecules. However, in Carruth’s article upon the chem- 
istry of gossypol (7) a statement is made which seems to indicate that he 
and Withers had subsequently abandoned this hypothesis. 
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residual aniline solution was added to the first filtrate. The 
combined extract thus obtained was concentrated under reduced 
pressure to 3 its original volume and set aside for 2 days to crystal- 
lize. The aniline D gossypol which separated was collected, 
washed with ether, and dried. 1400 gm. of the ether-extracted 
meal gave 16 gm. of crude product. This was dissolved in boiling 
benzene. The solution was filtered and concentrated under 
slightly diminished pressure to } its volume. Upon removing the 
concentrated solution from the flask and allowing it to cool, the 
aniline 1 gossypol crystallized immediately, yielding 13 gm. of 
pure substance. In ordinary light it consisted of yellow rods with 
all the refractive indices greater than 1.75. Between crossed 
nicols it showed parallel extinction and the same anomalous blue 
and green polarization colors that are shown by dianiline gos- 
sypol.2. When heated rapidly, it melted at 302-303°C. with de- 
composition, and no depression of the melting point occurred 
when it was mixed with a pure sample of dianiline gossypol. 
Molecular weight determinations made by the Rast camphor 
method (11) gave the following results: 


I. 12 mg. substance dissolved in 108.2 mg. camphor; A = 6.8°. 


40,000) (12 
108.2) (6.8) 


Mol. wt. = 


2 


II. 16.2 mg. substance dissolved in 156 mg. camphor; A = 6.3°. 


40,000) (16.2 
156) (6.3) 





Mol. wt. = = 659. 








0.5429 gm. substance required 15.95 cc. 0.1 N acid (Kjeldahl). 
I. 93.4 mg. substance gave 51.2 ng. H.O and 258 mg. COs. 
II. 98.0 “ “ “ 54.2 “c “ “ 971.1 “ “ ' 


For CaHyoN20s. Calculated. Mol. wt. 668.5, C 75.43 per cent, H 6.63 
per cent, N 4.19 per cent. . 
Found. I. Mol. wt. 655, C 75.36°%, H 6.139%, N 4.12%. ; 
Hi. - * ie =”6CU6W SC 
The substance is thus shown to be dianiline gossypol. 


2 The optical properties recorded in this communication were kindly 
determined by Mr. George L. Keenan of the Food, Drug and Insecticide 
Administration of the Department of Agriculture. 
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Hydrolysis of the Above Aniline Compound. 


2.5 gm. of aniline D gossypol were dissolved in 40 cc. of con- 
centrated sulfuric acid by heating and stirring the mixture for 2 
minutes in a boiling water bath. The red solution was then 
removed from the heat and allowed to stand for a half hour, 
after which it was slowly poured into 350 ec. of cold water. The 
amorphous precipitate formed was extracted from the water with 
ether. The ethereal solution was dried with anhydrous sodium 
sulfate, filtered, and concentrated to a volume of 40 cc. As some 
insoluble material separated at this point, it was again filtered, 
then further concentrated to a volume of 15 ce. An equal volume 
of acetic acid was added to this solution, which caused crystalliza- 
tion of gossypol acetate to take place at once. 4.7 gm. of the 
aniline compound gave 2.9 gni. of the acetate or 71 per cent of the 
theory. The crude material melted at 177—178°C. with decom- 
position, but one recrystallization from ether and acetic acid 
gave a pure product. This began to soften and darken at 180° 
and melted with decomposition at 189°C. There was no depres- 
sion of the melting point when this material was mixed with pure 
gossypol acetate. 

Free gossypol was prepared from the above crude acetate by 
treating its solution in ether with water as previously described 
(9). It was recrystallized once from a mixture of ether and 
petroleum ether and again from a mixture of methanol and ether 
as outlined in the reference just given. Thus purified it had a 
bright canary-yellow color and began to soften and darken at 
195°C. and melted with decomposition at 205°C. (corrected).' 
Its a refractive index was 1.605. 

85.7 mg. substance gave 218.3 mg. CO, and 44.9 mg. H»O 

For CseH3oQs. Calculated. C 69.48 per cent, H 5.83 per cent. 
Found. <a Rs 





> Too much emphasis should not be placed upon the melting point of free 
gossypol as this constant has been found to vary considerably in different 
preparations of known purity. For example, in the case of the material 
previously described (9) which was recrystallized from ethanol, the melting 
point was found to be 199°C., whereas the other two specimens obtained 
from the same purified material melted at 214°C. The difference in melting 
point was 15° in this case, but other data obtained on all three samples 
showed that they were pure. 
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In Table I, data are recorded showing that the toxicity of the 
preparation was the same as that of gossypol. 


TABLE I. 
Toxicity Test Made upon Gossypol Obtained from Hydrolysis of Aniline 
D Gossypol. 
The material, dissolved in cottonseed oil, was given intraperitoneally to 
white rats whose average weight was 140 gm. 





Ani- | Deaths Days until death oe 




















Dose. | mals | result- | 
used. ing. occurred. | 

mg. | 
per kg. | 

100 1 1 j Typical symptoms of acute type of 

| poisoning. 
75| 2 2 | 2,3 a ‘ 
50 5 5 | 3,14, 4, 4, | . “ 
14 
25 5 4 5. 6, 6, 7 | Hemorrhagic condition of all viscera, 
also intestinal impaction. 








SUMMARY. 


1. Aniline D gossypol has been shown to be identical with diani- 
line gossypo] obtained by condensing gossypol with aniline. 

2. Upon hydrolysis of aniline D gossypol a substance has been 
obtained and shown to be identical both chemically and physio- 
logically with analytically pure gossypol. 

3. These facts render untenable the hypothesis that D gossypol 
is an oxidation or hydrolytic product of gossypol. 

4. To explain the mechanism of the transformation of gossypol 
to D gossypol, it has been suggested that in the cooking and 
pressing process to which cotton seeds are subjected in the manu- 
facture of cottonseed oil the gossypol present in the seeds is bound 
by condensing with free amino groups of the seed proteins, forming 
substances similar in type to dianiline gossypol. 
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THE NATURE OF THE PROTEIN SURROUNDING THE 
FAT GLOBULES IN MILK.* 


By R. W. TITUS, H. H. SOMMER, anv E. B. HART. 


(From the Departments of Agricultural Chemistry and Dairy Husbandry, 
University of Wisconsin, Madison.) 


(Received for publication, November 9, 1927.) 


The protein substance immediately surrounding the fat globules 
in milk has been repeatedly investigated, yet no theory has been 
generally accepted regarding its chemical nature. Even the 
existence of a definite envelope is still a matter of dispute. 

Diverse views have been propounded from time to time as to 
its nature, and whether or not it constituted a protein distinct 
from casein, lactalbumin, or lactoglobulin. A few years ago it 
was a rather generally accepted idea that the protein surrounding 
the fat globule was not distinct from the commonly known pro- 
teins of milk but at the present time the trend of opinion seems to 
be that it is distinct from the other proteins. 


Rarthel (1) expresses this idea in a statement he makes in his “‘Unter- 
suchung von Milch und Molkereiprodukten,’’ (1911) in which he says, 
“Die umstrittene Frage ob die Fettkiigelchen der Milch mit einem beson- 
deren Hiiutchen irgendwelcher Art umgeben sind oder nicht, ist noch nicht 
sicher gelést, aber es besteht jetzt ziemlich allgemein die Ansicht, dass die 
Fettkiigelchen keine besondere Hiille haben, sonder infolge der Oberfliichen- 
spannung von einander isoliert gehalten werden, so dass also das Verhiltnis 
bei der Milch dasselbe ist wie bei allem andern Emulsionen.’’ In the third 
edition (1920) of the same book he says, ‘“‘Die umstrittene Frage . . 
noch nicht sicher gelést, aber es besteht jetzt ziemlich allgemein die An- 


sicht, dass die Fettkiigelchen eine besondere Hiille haben, die eine ziemlich 
hauptsichlich aber aus Eiweisskérpern 


- « ist 


labile Zusammensetzung hat, 
bestehen soll.”’ 





* Published with the permission of the Director of the Wisconsin Agri- 


cultural Experiment Station. 
This paper was abstracted from a thesis submitted by Mr. Titus to the 
Graduate Faculty of the University of Wisconsin for the degree of Doctor 


of Philosophy. 
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That the fat globules are surrounded by a protein material seems to be 
evident in that it is possible to obtain this protein substance, apparently 
as an adsorbed material, from washed fat globules. 

I-xperimental evidence shows that skim milk or protein solutions when 
emulsified with fat show a decrease in the nitrogen content, due to the a‘l- 
sorption of the protein by the fat. 

Rahn (2) and others have reported a higher protein content in cream than 
in the milk from which the protein is taken, when calculated on a fat-free 
basis. This also indicates an adsorption of the protein material by the fat 
globules. 

About 1840, Ascherson (3) formulated his so called ‘‘Haptogen Mem- 
brane’’ hypothesis in which he assumed an adsorption of protein material 
around the fat globules. This protein material, according to his idea, 
exists as a skin around the fat globules and preserves for the fat globule its 
spherical form. 

Miiller (4) and others have assumed the fat globules to be surrounded 
by hulls, consisting of insoluble casein. Bouchardat and Quevenne (5) 
believed the fat globules not surrounded by hulls but by a casein solution, 
since no one had ever observed the hull fragments. 

Another reason for believing the fat globules to be enveloped in a pro- 
tein coat was their behavior on treatment with ether, since milk, when 
treated with ether, does not give up its fat, or only to a slight extent, until 
a small amount of acid or alkali has been added to dissolve this protein. 

Quincke (6) attempted to prove by surface tension experiments that 
the phenomena could be explained in a purely physical manner. He 
showed that in an emulsion of oil and gum solution, the oil became coated 
with the gum through molecular attraction, and in this way the flow- 
ing together of the oil drops was hindered. Quincke assumed the fat 
globules of milk, through molecular attraction, to be surrounded by : 
protein solution. The fact that it was possible to extract the fat from the 
sample after the addition of an acid, alkali, or rennet, was said to be due 
to the fact that these substances change the physical characteristics of the 
protein so that the ether comes into intimate contact with the fat. 

Storch (7) attempted to isolate the protein substance surrounding the 
fat globules by the use of 33 per cent cane sugar solution. After the removal 
of the sugar and fat a hygroscopic powder was obtained which was soluble 
in alkali and acids and contained 14.76 per cent nitrogen. The ash content 
varied between 6 and 8 per cent. 

Storch believed that no real membrane existed around the fat globules 
but that they were surrounded by a special mucoid substance. This 
substance, he believed, yielded a sugar, or at least a reducing substance, 
on boiling with hydrochloric acid. According to his views, it is neither 
casein nor lactalbumin. 

Richmond (8) presents certain deductions which conflict with Storch’s 
mucoid theory, in which he concludes that if there were a solid or mucoid 
layer, it should have a sharply defined outer edge, and this is not the case, 
according to Storch. 
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Véltz (9), working under the direction of C. Lehmann, attempted to 
prove the existence of serum hulls, and afterward prepared and studied 
the chemical composition of a protein surrounding the fat globules. He 
came to the conclusion that the fat globules of milk possess hulls of a solid 
substance, apparently of a compact membrane, which substance was made 
up of both organic and inorganic material. The relation of the inorganic 
constituents fluctuated between wide limits. From his work he also con- 
cluded that the size of the fat globules influenced the chemical composi- 
tion of the hulls. 

Abderhalden and Voltz (10), 5 years later, working upon the same prob- 
lem, came to the conclusion that the envelope of the fat globule contained 
a mixture of different proteins ‘‘which by no means showed a constant 
composition.’”’? They obtained a product which varied in ash content from 
4.57 to 45.28 per cent, and varied from 0.18 to 0.57 per cent in its phosphorus 
content. The fact that they obtained a product which contained 0.5 per 
cent glycocoll, confirmed them in their belief that the protein substance 
with which they were working was not casein, since casein at that time was 
considered to be free from this particular amino acid. 

A more recent theory advanced by Degli-Atti (11) is that a film of lime 
soap is formed around the fat globule, which film besides remaining firmly 
attached to the globule, has the property of binding the suspended and 
colloidal particles in the milk as insoluble phosphates and casein and in this 
way forms a heavy film around the globules which keeps them in an almost 
stable emulsion. 


EXPERIMENTAL. 
Preparation of Proteins. 


In order to make a comparison between the fat hulls and the 
different milk proteins, as to their chemical constituents, these 
proteins were prepared in as pure form as possible. 

The casein and lactalbumin were prepared from skim milk and 
lactoglobulin from colostrum milk. Crowther and Raistrick (12) 
have shown that the protein of cow’s milk and colostrum is 
identical. 

The casein was precipitated with potassium alum, the globulin 
with 21.5 per cent sodium sulfate, and the albumin with a satu- 
rated solution of sodium sulfate. 

The preparation of the individual proteins was carried out in 
the following manner: Fresh skim milk or colostrum was diluted 
with about 5 volumes of distilled water, heated to 40°C., and anhy- 
drous sodium sulfate added, according to the method of Howe 
(13), to the extent of about 14.2 per cent, when the euglobulin 
fraction precipitated out. The filtrate from the euglobulin was 
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then treated with a few cc. of a saturated potassium alum solution, 
Schlossmann’s method (14), which caused the precipitation of the 
casein. After filtering off the precipitated casein the filtrate was 
treated with anhydrous sodium sulfate until its concentration was 
increased to 21.5 per cent, when the remaining globulin fractions 
precipitated out. The filtrate from the globulin precipitate was 
then treated with sufficient anhydrous sodium sulfate, Pinkus’ 
method (15), to give a saturated solution, when the albumin pre- 
cipitated out. The albumin which precipitated out was, after 
standing for a couple of hours, filtered through a hot filter. 
The precipitate was dissolved in cold water, filtered, and reprecip- 
itated with 95 per cent alcohol. The precipitate was filtered 
with suction, then treated with hot water until it was sulfate-free, 
and finally washed with alcohol and ether, and dried at room tem- 
perature, and finally over sulfuric acid. 

In order to purify the casein more completely, it was dissolved 
and reprecipitated several times, 1 per cent NaOH and HCl re- 
spectively being used, the alkaline solution being extracted with 
ether, and then finally the product was ground in a Nixtamal mill 
with water, 95 per cent alcohol, and finally with ether. The 
product was a fine white powder. 

The globulin fractions were combined, ground with alcohol, and 
finally with ether, and dried at room temperature, and then over 
sulfurie acid. 

The fat hulls were obtained by a method similar to that first 
described by Véltz (9) and later used by Abderhalden and Viltz 
(10), in which they allowed the fat globules to rise through a col- 
umn of water, after which they were skimmed off. 

In a similar manner, fresh whole milk, fortified with fresh cream 
until the fat content was about 8 per cent, was run in under a col- 
umn of water in a cylinder about 4 feet (120 em.) high, and the fat 
globules allowed to rise to the surface, being washed by the water 
through which they rise. After 24 and 48 hours, the cream layer 
was skimmed off, the water and milk in the cylinder being pro- 
tected with choroform and toluene. 

This cream layer, which was skimmed off, was mixed with about 
+ its own volume of 95 per cent alcohol, poured on a filter, and 
allowed to drain for some time. After draining out most of the 
water, the funnel and contents were placed in a constant tempera- 
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ture oven at about 52°C. After about 24 hours practically all of 
the fat had drained out of the material and the protein substance 
remaining was then scraped off the filter and treated with ether 
until practically fat-free. The product, after thoroughly drying 
in the air, was subjected to a Soxhlet extraction for about 20 hours, 
when it was again dried until it was free from ether, then washed 
with distilled water to remove any carbohydrate contamination, 
then with 95 per cent alcohol and ether, then dried in the air, and 
finally over sulfuric acid. A white powdery material was obtained 
which had an ash content of 3.11 per cent, a calcium content of 
0.24 per cent, and a moisture content of 5.75 per cent. This 
material did not give a color with the Molisch reagent, while the 
casein preparation gave a very distinct coloration. 


Analysis of Proteins. 


Van Slyke’s (16) method of protein analysis, with some modi- 
fications, was used for the determination of the nitrogen distribu- 
tion in the different proteins. 

In most cases 6 gm. of the protein were hydrolyzed with about 
25 parts of 20 per cent hydrochloric acid for approximately 36 
hours, a round-bottomed Pyrex flask, connected to a water con- 
denser by a ground glass joint, being used. After hydrolysis, the 
hydrolysate was transferred to a Pyrex, 1000 cc. double-necked, 
Claisen flask, distilled water added, and the hydrochloric acid 
distilled off under reduced pressure. After repeating this opera- 
tion two or three times, the volume being sufficiently low, the 
solution was made up to 250 cc., then filtered free from gross in- 
soluble material, this being discarded. 75 or 100 cc. of this solu- 
tion were taken for analysis. Total nitrogen was determined on 
10 ce. portions of the original solution by the Kjeldahl-Gunning 
method. 

Amide nitrogen was determined by distilling into standard acid, 
under reduced pressure, at 45-50°C., powdered Ca(OH). in 
slight excess being used, as suggested by Plimmer and Rosedale 
(17). The precipitates of the lime and adsorbed humin material 
were easily washed by use of a 3 cm. Buchner funnel. In the 
digestion, the precipitate and filter were not added to the flask 
until after the excess water had been boiled off, thus eliminating 
much bumping. 
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Cystine was determined on a 10 ce. portion of the solution of the 
bases, by the Denis method (18). 

Arginine was determined on a 100 cc. portion of the solution of 
the bases, according to a method of Plimmer and Rosedale (17), 
by adding to the solution an equal volume of 40 per cent NaOH and 
boiling for exactly 6 hours, the ammonia being absorbed in stand- 
ard acid in a Folin bulb. 

The phosphotungstic acid used for the precipitation of the 
‘“hexone bases” was purified by the method of Wu (19). 

Sulfur and phosphorus in the original material were determined 
by oxidizing with Mg(NO;)2 solution (20), then taking up with 
water and hydrochloric acid, and precipitating the sulfur and 
phosphorus from the same solution. 
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TABLE Il. 
Chemical Analysis of Fat Hulls as Compared with That of Other Milk Proteins. 
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The average nitrogen distribution of the different proteins is 
given in Table I and based on the soluble nitrogen of the hydroly- 
sate. The figures are expressed in gm. and indicate the average of 
duplicate analyses. In Table II are shown the average distribu- 
tion values of the different proteins, expressed in per cent of the 
total soluble nitrogen of the hydrolysate. 

With the exception of the rather high amide value of the fat 
hulls there is a close resemblance between the nitrogen distribution 
values of the hulls and casein—a much closer agreement than is 
shown between the nitrogen distribution of the hulls and either 
lactoglobulin or lactalbumin. The total basic nitrogen of the 
hulls as well as the cystine nitrogen, checks very closely with those 
values for casein. 

Table III shows the chemical composition of the four proteins. 
A comparison of the chemical composition of the different 
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proteins points to a very close relation between casein and the fat 
hulls—the phosphorus and sulfur content of the two being almost 
identical. 

That there is adsorption of protein by the fat globules is shown 
from the fact that skim milk or other protein solutions when emul- 
sified with pure filtered butter fat, show a decrease in the nitrogen 
content of the fat-free solution. 

Data substantiating this statement are shown in Table IV. 


TABLE IV. 
Adsorption of Proteins by Fat When Emulsified in Protein Solution. 








N in protein solution before emulsification N in protein solution after emulsification 
with fat, gm. per 100 cc. solution. with fat, gm. per 100 ce. solution. 
0.482 0.469 
0.489 0.465 
0.056 0.049 
0.048 0.042 








Is the Fat “Hull Protein’? a Phosphoprotein? 


Casein is a phosphorus-containing protein which, when it is 
subjected to peptic-hydrochloric acid digestion, gives a pseudo- 
nucleic acid—a substance of high and variable phosphorus content. 
A pepsin-hydrochlorie acid digestion was made of the fat hulls by 
treating a suspension of the hulls in 0.1 nN hydrochloric acid with 
pepsin. The pepsin, in 0.1 n hydrochloric acid, was added to the 
suspension to the extent of about 0.01 per cent and the digestion 
allowed to proceed for a period of 24 to 36 hours at a temperature 
of 37°C. As a result of this digestion an insoluble product was 
obtained which had a phosphorus content ranging from 1.30 to 
1.64 per cent. This substance is undoubtedly pseudonucleic acid 
and corresponds very closely to the compound obtained when 
casein is similarly treated. 


Specific Rotatory Power. 


The specific rotation of the hulls and casein was made upon an 
alkaline solution of these substances. 1 gm. of the protein mate- 
rial was dissolved in 0.5 N NaOH and the optical rotation of the 
resulting solution was read in a 50 mm. tube, a Schmidt and 
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Haensch saccharimeter being used. These values, together with 
the accepted values of the specific rotation of the other milk pro- 
teins are shown in Table V. 

Considerable difficulty was encountered in getting a clear solu- 
tion of the hulls in the alkali and this fact renders these determina- 
tions of limited value in proving the identity of the protein, and 
especially since the rotations of all the milk proteins in the strong 
alkali are in very close agreement. 








TABLE V. 
Specific Rotation of Fat Hulls as Compared with That of Other Milk Proteins. 
| 
Protein. tp Authority. 

0.5 n NaOH. | 
—— degrees 
EE POLES Te —92.0 Woodman (23). 
Lactoglobulin....... eocecevesecesees —73.0 = 
CR a arpachd oni cite vig aisaems ai —95.3* * 
EE a eerste ere ty mame: —85.0 








* Hoppe-Seyler found for casein in strong alkali, —91.0°. 


The difficulty with which the hull protein was brought into 
solution in the 0.5 n alkali and the rather rapid darkening of the 
solution were characteristic of this protein. An attempt was made 
to determine the cause of the darkening, by adding to different 
samples of casein in 0.5 Nn NaOH, glucose, lactose, fat, etc., but 
none of these substances as impurities gave the rapid darkening 
that was given by the hulls under the same conditions. 


Determination of Tryptophane. 


A tryptophane determination was made on the various proteins 
by the May and Rose method (24). Comparative values of the 
tryptophane content of these milk proteins are shown in Table 
VI. It will be noted that the tryptophane content of the casein 
and hulls is almost identical. 


Precipitin Test. 


As a final test, rabbits were immunized to casein and hulls and 
their serum tested for the precipitin reaction. 
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The animals were injected intravenously, increasing amounts 
of the antigen being used, at 5 day intervals, until the serum 
showed a sufficiently high titer. This required about 2 months. 
10 days after the last injection the animals were bled from the 
posterior auricular vein of the ear, and the serum tested. The 
test was carried out by using a modification of the method as 
suggested by Karsner and Ecker (27). Small tubes, 4 mm. in 
diameter and about 6 em. long, were employed. About 0.1 ec. of 
serum was added to the clean and sterile tubes, after which the 
antigen was carefully added to the tube by means of a capillary 
pipette. By carefully adding the antigen to the serum the zone 
of contact between the two liquids was not disturbed and after 
standing an hour at room temperature it was easy to read the 


TABLE VI. 


Tryptophane Content of Fat Hulls as Compared with Tryptophane Content of 
Other Milk Proteins. 











| | | 
. Average 
Protein. Sample. PF non P | ae Tryptophane 
Sees unknown. | 
| | 
gm, | mm. | mm, | per cent 

DS co ieaetac seas 0.1 20 20.0 1.50 
Lactoglobulin......... 0.1 | 20 | 13.0 | 2.26 
Lactalbumin.......... 0.1 20 11.5 2.60 
Rah patie idles 0.1 20 | 19.75 1.51 





reaction. In order to insure a perfectly clear serum, the animals 
were fasted for about 15 hours before bleeding. 

The antigen was prepared by treating 1 gm. of the protein with 
about 8 ce. of 0.1 Nn NaOH and diluting to about 100 cc. with 
0.85 per cent sodium chloride solution. No preservative was used 
with either the serum or the antigen, the technique being carried 
out as aseptically as possible. All dilutions were made with sterile 
0.85 per cent salt solution. The solutions of the proteins were 
filtered before use and a nitrogen determination made on them, as 
a basis for further dilution. The pH of the casein solution, as 
made on the 1: 500 dilution, was 7.22, and that of the hull solution, 
the same dilution being used, was 7.08. 

Substantiating some of the work previously mentioned in 
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this paper, it is interesting to note that it was not possible to get as 
much of the hulls into solution with the same amount of alkali as 
was obtained in the case of the casein. 
possible contaminating substance in the hulls which is not present 
in the casein and which is apparently insoluble in water, alcohol, 


or ether. 


This leads us to suspect a 


The results of the precipitin test are shown in Table VII. 
There seems to be very little difference between the two proteins 


from the standpoint of the precipitin reaction. 


Both proteins 


gave a precipitin test with serum from an animal immunized to 


either of the proteins. 


DISCUSSION. 


The data presented in this paper point toward a protein sub- 
stance of rather constant composition surrounding the fat globules 
of milk. It has a low ash content as compared with the hull 
material prepared by Abderhalden and Véltz and has a higher and 


more constant phosphorus content. 


The fact that Abderhalden 


and Véltz found 0.50 per cent glycocoll in their product is fairly 
good evidence that their product was at least contaminated with 
casein, since Foreman (25) has shown casein to contain 0.45 per 


cent of this amino acid. 


The hull material when hydrolyzed with 20 per cent hydro- 
chloric acid does not give a carbohydrate reaction with either the 
Molisch reagent or Fehling’s solution. 


The presence of sulfuric 
acid was not detected in the hydrolyzed solution. 


Levene (26) concludes that the carbohydrate group of all muco- 


proteins is conjugated with sulfuric acid. 


The negative results of these tests would indicate the absence 
of the special mucoid substance which has been hypothesized by 


Storch and others. 


The theory of Degli-Atti, that the fat globules are surrounded 
by a heavy film of a lime soap does not seem to be supported by 
If the fat globules are, as Degli-Atti 
contends, surrounded by a heavy lime soap film, then one would 
reasonably expect a high lime content in the fat hulls, which is not 


the data here presented. 


the case. 


The phosphorus and sulfur content of the fat hulls, as compared 


with the phosphorus and the sulfur content of the other proteins, 
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points very strongly to the identity of the fat hulls and casein. 
The fact that lactoglobulin contains only 0.24 per cent phosphorus 
and lactalbumin only a trace, precludes the identity of the fat 
hulls with either of these proteins. 

The tryptophane content of the fat hulls and that of casein are 
identical. This is further evidence in support of the theory that 
the fat hulls are identical with casein. 

The precipitin test does not differentiate between casein and 
hulls but indicates the identity of the two. This fact, however, 
does not give us any clue as to the presence or absence of a contami- 
nating substance in the hulls. 

The only evidence, which suggests a possible unknown contami- 
nating substance in the hulls, is the lower solubility and darkening 
of the solution of fat hulls in sodium hydroxide. 

Further study is being made of the nature of this protein, the 
results of which will be reported at a later date. 


CONCLUSIONS. 


1. From an examination of the nitrogen distribution of the fat 
hulls as compared with the other proteins, it is quite evident that 
this particular protein is very clearly related to, if not identical 
with, casein. 

2. The sulfur, phosphorus, and tryptophane content of the 
hulls, as determined on the original material, agrees almost exactly 
with the sulfur, phosphorus, and tryptophane content of casein. 

3. The specific rotation of the fat hulls as compared with that of 
casein agrees very well, yet the difficulty in getting a clear solution 
renders this determination of limited value. 

4. The precipitin test shows no distinction between the hulls and 
casein but points to their identity. 

5. The most outstanding distinction between the hull-protein 
and casein is its lower solubility when dissolved in sodium hy- 
droxide. This suggests a possible contamination of the hulls with 
some unknown substance. 
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ANTIRICKETIC SUBSTANCES. 
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INTRODUCTION. 


It is well known that the purification of sterols is beset with 
difficulties. The literature indeed contains a number of examples 
of supposedly pure sterols being found to be persistently intimate 
mixtures (1-5). Recently Schlutz and Morse (6), and Anderson 
(7) have presented evidence that cholesterol, long recognized as a 
crystalline body, may yet be impure while exhibiting physical 
constants regarded as characteristic of the uncontaminated ma- 
terial. 

This year the associated researches of Heilbron, Kamm, and 
Morton (8, 9), Rosenheim and Webster (10-12), Windaus and 
Hess (13, 14), and Pohl (15, 16) have demonstrated that “pure”’ 
cholesterol contains an impurity, or “provitamin,’’ which by ultra- 
violet raysis vastly more activatable antiricketically than the prep- 
aration in which it is detected. Spectroscopic and biochemical 
tests have indicated that the contaminant is the trebly unsaturated 
and highly unstable ergosterol, or a sterol indistinguishable there- 
from, and that this constitutes less than 1 part per thousand of 
cholesterol. It would appear that cholesterol is readily and com- 
pletely freed from provitamin by any of several procedures— 
treatment with charcoal or permanganate, overirradiation, or 

* Published with the approval of the Director of the National Bureau of 


Standards of the United States Department of Commerce. 
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purification via allocholesterol, cholesteryl chloride, or cholesterol 
dibromide. 

But for one obstacle we should have been prepared to accept 
unreservedly this important contribution to the knowledge of 
sterols. In 1925 Bills (17) reported that cod liver oil cholesterol 
which, after recrystallization, had been purified by treatment with 
charcoal retained the property of becoming antiricketic upon irrad- 
iation. The treatment consisted in refluxing the cholesterol in 
alcoholic solution with decolorizing charcoal for half an hour. 
This casual observation, which one might explain offhand on the 
ground that the treatment was insufficiently prolonged to remove 
the provitamin completely, has led us to a further study of the 
purification of cholesterol, and of its biological activation. 

Our methods of investigation have included the use of Shipley’s 
biological line test, now developed by one of us to a considerable 
degree of precision, and the study at the Bureau of Standards of 
the absorption spectra. The biological properties of variously 
purified cholesterol] preparations were examined not only qualita- 
tively, but quantitatively through the use of some 300 rats; and 
each preparation was studied spectroscopically. Only the more 
significant of these preparations will be dealt with here. 


Biological Technique. 


The line test, now coming into extensive use in the examination 
of food materials, liver oils, and the like, is by far the most practical 
means of determining the effects of antiricketic agents, particu- 
larly in Jaboratories where many tests are conducted. Unfortu- 
nately, it has never been described in sufficient detail to enable 
investigators to obtain wholly satisfactory and concordant results. 

Based on our experience with nearly 5000 rats, the following 
brief outline of the test may serve as a guide to its uniformly suc- 
cessful application. Deviations from this procedure should be 
made only with great caution. A robust and parasite-free breed- 
ing stock is maintained on either the stock diet of Steenbock (18), 
or on a convenient modification thereof, as follows: 


CO et Ground alfalfa... ....cccccess: 2.0 
Linseed oil meal...............16.0 Morton’s iodized salt.......... 0.5 
PT II os xc ow siensiexininie 5.0 Calcium carbonate............ 0.5 


Mix, and to every 3 parts by weight of the mixture add 1 part of 
powdered whole milk. 
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The young rats are weaned when 24 days old, at which age they 
must weigh not less than 35 gm., preferably at least 40 gm. These 
young are removed to a room from which all daylight, even that 
filtered through glass, is excluded, and kept for 18 days at 25°+3° on 
McCollum’s Diet 3143, compounded as follows: 


Whole wheat flour (Pillsbury’s ‘100 per cent’’).............. 33.0 
Yellow maize (select quality, finely ground)................ 33.0 
Wheat gluten (Pure Gluten Food Company)................ 15.0 
Gelatin powder (Coignet Super-X, or Difco) ................ 15.0 
Calcium carbonate (J. T. Baker Special).................... 3.0 


Sodium chloride (Eimer and Amend Tested Purity, powder) 1.0 


On the 18th day (and for a few days thereafter) the rats are 
ready to be put on test in individual cages. The substance to be 
tested is incorporated in Diet 3143, directly by trituration in case 
of oils, and by means of ether as a solvent in case of sterols. For- 
merly as a protective measure we added an inert oil to the sterol 
solution, but as this has been found unnecessary, it is no longer 
done. The test preparation is administered for exactly 5 days, a 
daily food consumption record being kept. The rats must eat not 
less than 2 gm. in any one day, and not less than an average of 4 gm. 
per day, and they must not lose weight. We are under the im- 
pression that animals being cured of rickets may for a few days 
gain less in weight than either normal or rickety animals, and 
occasionally the process of healing may be followed by a temporary 
loss of weight. But on the other hand, a loss of weight, with pre- 
sumably the liberation of tissue phosphate, may itself sometimes 
occasion calcification. Inasmuch as there is at present no means 
available for distinguishing between these causes and effects, it 
is imperative to discard all rats which lose even as little as 1 gm. 

The autopsy is performed in accordance with Shipley’s proce- 
dure, which consists in exposing longitudinally sectioned halves of 
the proximal end of the tibia in 2 per cent AgNO; to intense direct 
illumination under a low power binocular microscope. Upon the 
calcified areas silver phosphate is formed and reduced to black 
silver. The principal criteria of healing are the development of 
the line at the zone of provisional calcification and the reappear- 
ance of bony trabecule in the metaphysial osteoid. Either leg 
may be sectioned, as the ricketic lesions exhibit bilateral symmetry 








254 Antiricketic Substances. VII 


to a remarkable extent. The degree of calcification is conven- 
iently expressed on the previously published arbitrary standard 
scale of four plus signs (19). 


Spectroscopic Technique. 


The source of radiation used for photographing the absorption 
spectra was a water-cooled discharge tube containing hydrogen at 
1.4 mm. pressure, and carrying 0.38 amperes at 2000 volts. The 
light emitted through a quartz window of the tube was focused by 
means of a quartz lens onto the slit of an E2 Hilger quartz spectro- 
graph. This arrangement gives a continuous spectrum from the 
blue to 210 mu which could be photographed on contrast plates in 
about a minute. Several convenient reference lines superimposed 
on the continuous background were obtained by having a trace of 
mercury vapor in the discharge tube. The spectrograms were 
taken with a bromine cell in the light path. The bromine vapor 
absorbs the strong radiations longer than 365 mu, rendering the 
purely technical service of reducing the fogging of the plates by 
light scattered within the spectroscope. 

To those who have studied absorption, the advantages of a 
source such as the one described, which gives a continuous spec- 
trum of quite uniform density, are well known. It is particularly 
useful in the detection of exceptionally faint absorption bands. 

The absorption spectra of our cholesterol preparations were 
obtained by placing in front of the spectroscope slit a quartz ab- 
sorption cell containing a solution in fresh ether. The ether was 
of anesthetic grade, containing small amounts of alcohol and water. 
Usually on each plate a control exposure was made with ether 
only in the cell. The ether invariably showed no absorption, 
even down to 220 my (Fig. 1, Exposure 98). 

The slightest turbidity or pigmentation in a cholesterol solution 
alters markedly its transmission of short wave-length radiations. 
For example, a cholesterol purified via cholesteryl chloride, and 
exhibiting an almost imperceptibly faint yellow color, was opaque 
to the ultra-violet; and another preparation, slightly turbid, 
showed unusually low transmission. Care was therefore taken 
that all the preparations described below should give exceptionally 
brilliant and colorless solutions. 
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EXPERIMENTAL. 


Our cholesterol was a commercial product prepared from spinal 
cord by extraction with acetone, saponification in alcoholic potash, 
and crystallization from alcohol. When filtered in ether through 
Whatman No. 50 acid-hardened paper, recrystallized to whiteness, 
and dried in air at 37°, it melted clear at 149° (corrected), and was 
designated Cholesterol A. This was the most activatable of our 
preparations, and the richest in ergosterol. 

Prior to being irradiated, Cholesterol A exhibited no antirick- 
etic action, even when administered at doses as large as 0.5 per 
cent in Diet 3143. The technique of activation, as employed 
throughout this work, consisted in depositing films of the sterol on 
Petri dish covers by the evaporation of ether solutions. The 
dried deposits (2 mg. per sq: em.) were exposed for 15 minutes 
36 cm. from a 220 volt Uviare operating at 170 volts across the are. 

After irradiation the minimum curative dose of Cholesterol A 
was very close to 0.01 per cent. We define the minimum curative 
dose as the dose required under the standard test conditions to 
occasion definite but not extensive healing (++). The exact 
determination of the minimum curative dose for a series of prepara- 
tions requires so many rats that we shall omit from this paper the 
customary individual protocols, our animal technique having 
already been specified. 

By means of the spectroscope we determined the quantity of 
ergosterol in Cholesterol A. A 2.0 cm. thickness of a 3.0 per cent 
solution of Cholesterol A showed very plainly the characteristic 
absorption bands at 293.5, 282, and 270 mu. These three bands 
have already been noted by other investigators (20, 8, 9, 15, 16). 
In addition, we discovered a faint but distinct band at 260 my (Fig. 
1, Exposure 101). By the same procedure we obtained the ab- 

sorption spectra of various concentrations of ergosterol.! A 0.0030 
per cent solution showed definitely less intense absorption than the 
3.0 per cent Cholesterol A, and a 0.0040 per cent solution showed 
somewhat more (Fig. 1, Exposure 100). By carefully comparing 
the spectrograms we concluded that Cholesterol A contained 1.2 + 


* The ergosterol, m.p. 152°, was prepared from ergot at the Eastman 
laboratory by Dr. H. T. Clarke, who informs us that it may not be free from 
fungisterol. 
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0.1 parts per thousand (0.12 per cent) of ergosterol. It made no 
difference whether the ergosterol was put in solution by itself, or 
into a 3.0 per cent solution of our specially purified Cholesterol E 
(see below). In either case the four bands of Cholesterol A were 
identical with the corresponding ones of ergosterol, not only in the 
location of their maxima, but also in their shape, shading, and 
density. It is interesting to note that our Cholesterol A is several 
times richer in ergosterol than the samples heretofore mentioned 
(12, 16). 

It has been reported (8, 20) that cholesterol in solution loses its 
selective absorption on standing for several hours. We found, 
however, that a solution 17 days old still exhibited the character- 
istic bands with no apparent diminution. Possibly this discrep- 
ancy is due to a difference in purity of the solvents used. 

The identity of the cholesterol contaminant with ergosterol is 
strongly indicated by the tests of other investigators, and by our 
discovery of the fourth absorption band in each. Nevertheless 
we desired to substantiate the biological and spectroscopic evidence 
of this identity by a chemical test. We therefore resorted to the 
old device for establishing the identity of compounds by a com- 
parison of their rates of destruction. 

It is known that potassium permanganate in acetone solution 
oxidizes ergosterol or the contaminant more readily than it does 
cholesterol or acetone (21,12,14). By employing a limited amount 
of permanganate we found it possible to compare the destruction 
rate of the contaminant with that of an equivalent quantity of 
ergosterol added to our specially purified Cholesterol E (see below). 

4.0000 gm. of Cholesterol A were dissolved in 80 ec.,. of boiling 
acetone. To the solution 40 mg. of finely powdered KMnO, were 
added, and the mixture was refluxed for 60 minutes. The hot 
solution was filtered through hardened paper, crystallized at 0°, 
recrystallized from alcohol, and dried in air at 37°. An exactly 
parallel experiment was made, using in place of Cholesterol A a 
mixture of 3.9952 gm. of Cholesterol E plus 0.0048 gm. of ergos- 
terol. This mixture before treatment exhibited absorption spec- 
tra which in the critical region were identical with those of Choles- 
terol A. 

By comparing the absorption spectra in the manner already de- 
scribed, we determined that Cholesterol A after treatment still 
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contained 0.030 per cent ergosterol, while the artificial mixture 
contained 0.025 per cent. Assuming that each sample before 
treatment contained 0.12 per cent of ergosterol, we see that in the 
former 75 per cent of the ergosterol was removed by the perman- 
ganate, and in the latter 79 per cent. As these close findings are 
within the limits of experimental error, it would seem beyond reas- 
onable doubt that the activatable contaminant of ordinary choles- 
terol is ergosterol. 

It is remarkable that ergosterol, so highly unstable by itself (3), 
should be sufficiently resistant when admixed with cholesterol to 
withstand years of aging. Through the kindness of Professor J. 
J. Abel we obtained a sample of gallstone cholesterol prepared 16 
years ago. This had been well protected from light, but not from 
air, and had retained a good melting point (147-148°). It was 
highly activatable, and exhibited strongly the ergosterol absorp- 
tion bands. We suggest that cholestero] may function as an anti- 
oxidant for its admixed ergosterol, just as some sterol-like sub- 
stance serves as a natural antioxidant in crude rubber (22). 

Purification with Charcoal.—After preliminary trials with dif- 
ferent charcoals and methods of employing them, we subjected 
some Cholesterol A to a purification definitely more severe than 
that employed by Rosenheim and Webster or Windaus and Hess. 
10 gm. of Cholesterol A and 2 gm. of Merck’s blood charcoal in 200 
ec. of 95 per cent alcohol were refluxed for three periods of 8 hours 
each. The hot solution was filtered through hardened paper, and 
the strongly yellow filtrate was crystallized at 0°. The crystals 
were washed with 80 per cent alcohol, recrystallized from 95 per 
cent alcohol, washed again, dissolved in ether, and refiltered to 
remove the last traces of suspended carbon. The ether was evapo- 
rated, and the residue recrystallized from 95 per cent alcohol, 
washed, and dried in air at 37°. Yield,7 gm. of snow-white Choles- 
terol B; m.p., 149°. 

Purification with Bromine.—Our method of bromination was an 
adaptation of the procedure of Windaus and Hauth (1). 50 gm. of 
Cholesterol A in 500 cc. of v.s.p. ether were added rapidly to 8.0 ce. 
of bromine (an excess) in 625 cc. of glacial acetic acid. The prep- 
aration was allowed to stand with occasional shaking for 2 hours 
at 30°. The cholesterol dibromide was filtered tightly on a Buch- 
ner funnel. The filter cake was washed with absolute alcohol 
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until white, then dissolved in 150 ce. of hot chloroform. To this 
solution 600 ec. of 95 per cent alcohol were added, and the mixture 
set aside at 0°. The beautifully crystallized dibromide was filtered 
with suction, washed with 95 per cent alcohol, and transferred to a 
large flask containing 170 cc. of 95 per cent alcohol and 5.0 gm. of 
zinc dust. This was cautiously heated to boiling, and, after the 
violent reaction subsided, the boiling was continued for exactly 6 
minutes. The yellow cholesterol solution was decanted from any 
undissolved zine, and allowed to crystallize at 0°. The crystals 
were then purified to whiteness as described under Cholesterol 
B. Yield, from eight batches, 180 gm. of Cholesterol C. 

From Cholesterol C, by an exact repetition of the bromination, 
we made Cholesterol D, and from this, by still another bromina- 
tion, Cholesterol E; m.p., 149°. 

Biological Tests.—It is to be noted that the other investigators 
apparently never administered their specially purified preparations 
at doses much greater than the minimum curative dose of the 
original cholesterol. On the other hand, we have extended the 
tests with much larger doses. Had our feeding experiments been 
carried on with only small doses, our conclusions would have been 
the same as theirs. However, administration of large doses of the 
highly purified Cholesterols B, C, D, and E has revealed that these 
preparations exhibit a modicum of activatability. We have re- 
peatedly found that 0.3 per cent of one of these irradiated prepara- 
tions in Diet 3143 induces the same distinct healing as 0.01 per 
cent of irradiated Cholesterol A. In fact, the most careful quanti- 
tative study showed that the minimum curative dose of each of 
these preparations was very close to 30 times the minimum cura- 
tive dose of Cholesterol A. 

Through the kindness of Dr. Hess we were fortunate in securing 
some of the twice brominated cholesterol prepared by Windaus, 
an absorption spectrum of which was obtained by Pohl, and a 
biological assay by Hess. We found that the minimum curative 
dose of this product was also 30 times that of Cholesterol A. 

Spectroscopic Tests.—In order to elucidate this surprising biolog- 
ical observation we again turned to the study of absorption 
spectra. Spectrograms taken through 2 em. of 3 per cent solutions 
of Cholesterols C,D,E,and the Windaus cholesterol were identical. 
They showed no selective absorption and, in fact, exhibited con- 
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siderable transmission down to 240 mu (Fig. 1, Exposure 146). 
Cholesterol B was identical with these, except that it showed 
slight general absorption due probably to oxidation products from 
the treatment with charcoal (Fig. 1, Exposure 145). 

It is evident, of course, that since these preparations are acti- 
vatable they must show somewhere the absorption of the activat- 
ingrays. We therefore studied the absorption in thicker layers of 
stronger solutions. A spectrogram taken through 20 em. of a 15 
per cent solution of Cholesterol E showed five faint absorption 
bands with maxima at 315, 304, 293.5, 282, and 269 mu. ‘The last 
three are apparently identical with three of the ergosterol bands. 
The general absorption of this thick layer of concentrated solution 
was so great at 260 my and below that we could not ascertain 
whether the fourth ergosterol band was present. A 0.1 per cent 
solution of Cholesterol A in the same cell showed the ergosterol 
bands with the same definition as the above solution. If these 
three bands in 15 per cent Cholesterol E are due to ergosterol, it 
follows that the amount of ergosterol present is ;}y of that in 
Cholesterol A. But the biological determinations showed beyond 
question that the activatability of Cholesterol E is ;\) that of 
Cholesterol A—5 times as much as one can attribute to the ergos- 
terol. The observed activatability of Cholesterol E must there- 
fore be largely due to something else than ergosterol. 

This other substance is apparently the cause of the absorption 
bands at 315 and 304 muy, since ergosterol has no bands here. It 
may explain why the isolated lines 313 and 302 mz exhibited acti- 
vating power in the recent experiments of Hess and Anderson (23). 
The substance must be either cholesterol itself or a hitherto un- 
discovered impurity which persists after three purifications with 
bromine. As a matter of fact, we found that cholesterol after 
three brominations exhibited no less of it than after one. Hence, 
the limit of purification by bromine is reached by a single treat- 
ment. 

The question now arises, whether ergosterol is the cause of even a 
fifth of the activatability of cholesterol purified by bromination. 
It is difficult to believe that bromination, which destroys more 
than 99 per cent of the ergosterol when applied once, should fail to 
destroy the remainder when applied a second time. It is equally 
improbable that the bands observed in Cholesterol E at 293.5, 282, 
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and 269 are not due to ergosterol. It is scarcely conceivable that 
traces of ergosterol] are continually being formed as a degradation 
product of cholesterol; yet one cannot forget the phenomenal 
association of these in nature. In all known instances cholesterol 
and its isomers occur admixed with ergosterol, whereas ergosterol, 
C2;HO, in the fungi appears free of the sterols Co;H40. 


SUMMARY. 


1. The activation of cholesterol has been studied by means of 
biological tests and absorption spectra. Details are given for the 
quantitative application of the Shipley line test. 

2. The positions of the three absorption bands of ordinary cho- 
lesterol, and ergosterol, were confirmed—293.5, 282, and 270 mu. 
By means of an especially appropriate light source a fourth band 
common to each was discovered at 260 mu. 

3. By a comparison of destruction rates it has been established 
that the activatable, ergosterol-like, contaminant in cholesterol 
actually is ergosterol. 

4. Cholesterol specially treated with charcoal or bromine for the 
removal of ergosterol was found to be activatable by ultra-violet 
rays. The activatability is due either to cholesterol itself, or to a 
hitherto undiscovered impurity which persists after three purifica- 
tions with bromine. In either case the activatability is asso- 
ciated with absorption bands at 315 and 304 mu. 





Addendum.—While this communication was in press we received the 
interesting publication by Jendrassik and Keményffi (24). These authors 
confirm our finding that highly purified cholesterol is activatable. They 
attribute the activatability to an equilibrium existing between cholesterol 
and provitamin—a view we feel is open to dispute. 


BIBLIOGRAPHY. 


. Windaus, A., and Hauth A., Ber. chem. Ges., 1906, xxxix, 4378. 
. Windaus, A., and Uibrig, C., Ber. chem. Ges., 1915, xlviii, 857. 
. Tanret, C., Ann. chim. et physique, 1908, xv, 313. 
. Anderson, R. J., and Shriner, R. L., J. Am. Chem. Soc., 1926, xlviii, 
2976. 
. Anderson, R. J., Nabenhauer, F. P., and Shriner, R. L., J. Biol. Chem., 
1926-27, Ixxi, 389. 
6. Schlutz, F. W., and Morse, M., Am. J. Dis. Child., 1925, xxx, 199. 
7. Anderson, R. J., J. Biol. Chem., 1926-27, |xxi, 407. 


mem Whe 


o 





XUM 


vle that 
adation 
omenal 
lesterol 
osterol, 


pans of 
for the 


ry cho- 
70 mu. 
n band 


ylished 
esterol 


for the 
-violet 
yr toa 
rifica- 

asso- 


ed the 
uthors 
They 


esterol 


xl viii, 


"hem., 





ner 








Bills, Honeywell, and MacNair 261 


8. Heilbron, I. M., Kamm, E. D., and Morton, R. A., Biochem. J., 1927, 

xxi, 78. 

9. Morton, R. A., Heilbron, I. M., and Kamm, E. D., J. Chem. Soc., 1927, 
2000. 

10. Rosenheim, O., and Webster, T. A., Biochem. J., 1927, xxi, 127. 

11. Rosenheim, O., and Webster, T. A., Lancet, 1927, i, 306. 

12. Rosenheim, O., and Webster, T. A., Biochem. J., 1927, xxi, 389. 

13. Hess, A. F., and Windaus, A., Proc. Soc. Exp. Biol. and Med., 1927, 
xxiv, 369. 

14. Windaus, A., and Hess, A., Nachr. Ges. Wissensch. Goettingen, Math.- 
physik. Klasse, 1927, 175. 

15. Pohl, R., Nachr. Ges. Wissensch. Goettingen, Math.-physik. Klasse, 
1926, 142. 

16. Pohl, R., Nachr. Ges. Wissensch. Goettingen, Math.-physik. Klasse, 
1927, 185. 

17. Bills, C. E., J. Biol. Chem., 1925, Ixvi, 451. 

18. Steenbock, H., Science, 1923, Iviii, 449. 

19. Bills, C. E., and McDonald, F. G., J. Biol. Chem., 1926, Ixviii, 821. 

20. Schlutz, F. W., and Ziegler, M. R., J. Biol. Chem., 1926, Ixix, 415. 

21. Reindel, F., Walter, E., and Rauch, H., Ann. Chem., 1927, edlii, 34. 

22. Bruson, H. A., Sebrell, L. B., and Vogt, W. W., Ind. and Eng. Chem., 
1927, xix, 1187. 

23. Hess, A. F., and Anderson, W. T., J. Am. Med. Assn., 1927, Ixxxix, 
1222. 

24. Jendrassik, A., and Keményffi, A. G., Biochem. Z., 1927, elxxxix, 180. 


EXPLANATION OF PLATE 3. 


Fic. 1. Seven absorption spectra of cholesterol and ergosterol, selected 
from 200 exposures. 

Exposure 48. Mercury are through 2.0 em. of ether. 

Exposure 49. Same through 2.0 cm. of 3.0 per cent solution of ordinary 
cholesterol (Cholesterol A). 

Exposure 98. Special discharge tube through 2.0 cm. of ether. 

Exposure 145. Same through 2.0 cm. of 3.0 per cent solution of choles- 
terol purified by charcoal (Cholesterol B). 

Exposure 146. Same through 2.0 cm. of 3.0 per cent solution of choles- 
terol purified by bromine (Cholesterols C, D, E, or Windaus). 

Exposure 100. Same through 2.0 cm. of 0.0040 per cent solution of 
ergosterol.? 

Exposure 101. Same through 2.0 cm. of 3.0 per cent solution of ordinary 
cholesterol (Cholesterol A).2 





* Exposures 100 and 101 were selected to show the new band at 260 mu. 
To this end, the well known band at 293.5 my was sacrificed in reproduction. 
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ON THE AMOUNT OF VITAMIN B REQUIRED DURING 
LACTATION.* 


By HERBERT M. EVANS anp GEORGE O. BURR. 
(From the Department of Anatomy, University of California, Berkeley.) 


(Received for publication, October 8, 1927.) 


For several years this laboratory has been interested in the con- 
tinuation of dietary experiments through several generations. 
Lactation delinquency may ‘wreak havoc with such a plan. As 
has been pointed out in a previous paper, a simplified diet has at 
last been devised which, when supplemented by 0.6 gm. of dry 
yeast daily, allows normal early growth and ovulation of animals 
weaned on the 21st day of life (Diet 232, see Table I). But when 
such females are bred and saved from resorption of their fetuses 
by doses of wheat germ or wheat germ oil during gestation, and if 
no other change be made in the mother’s diet, the young which 
are born never attain a normal weaning weight on the 21st day of 
life. Deficiency in lactation results in the death of most of the 
young and the weaning of survivors with poor weight. 

Osborne and Mendel! have pointed out that a definite amount 
of yeast is required to maintain an animal of.a given weight. Be- 
sides the yeast required for maintenance there is just as definite 
an amount required for normal growth. Since the six young gain 
about 18 gm. daily during the latter part of lactation, we would 
expect a requirement of approximately 3 gm. of yeast per day for 
the mother and the litter. Food is consumed during this period 
at the rate of about 20 gm. daily so that 15 per cent yeast in the 


* Aided by grants from the Committee for Research on Problems of Sex 
of the National Research Council and from the Bureau of Dairy Industry 
of the United States Department of Agriculture. These funds have been 
generously augmented by the Board of Research and by the College of 
Agriculture of this institution. 

? Oshorne, T. B., and Mendel, L. B., J. Biol. Chem., 1925, Ixiii, 233. 
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diet should satisfy all vitamin B requirements. Our results show 
agreement with this prediction. 

Before studying the effects of various sources of vitamin B on 
the growth of sucklings, preliminary tests were made with the 
substances (yeast, wheat germ, rice polishings, alcoholic extract 
of wheat germ, and tikitiki’) to find their value in promoting the 
growth rate from the 21st day of life. Table II gives a brief 
summary of the average results. The mean of our normal growth 
curves indicates that females should weigh about 193 gm. at the 
90th day of life. Inspection of the table shows that about 10 per 
cent yeast, 10 per cent rice polishings, or 3 drops of tikitiki 
supplement Diet 232 so as to give approximately normal growth. 
Records of food consumption for the latter part of this growth 








TABLE I. 
Ingredients Diet 228. | Diet 232. 
Casein (commercial). ; : Ea ea nen the eee tenia 27.0 32.0 
Corn-starch (cooked eerste 
Ee era meee ; rae REA rere mee Mae 22.0 
Salt Mixture 185* eee ee eS eee veel 40 | 4.0 
2 | 2.0 


Cod liver oil (Patch). LE eR eee geome oe 2:0 


Nutritive ratio = 1:4. 
*McCollum, E. V., and Simmonds, N., J. Biol. Chem., 1918, xxxiii, 63. 


period give an average daily food intake of about 6 gm.—or a 
consumption of yeast of about 0.6 gm. daily. This is in agreement 
with our independent determination that with the separate ad- 
ministration of yeast 0.6 gm. daily confers normal growth. Ether- 
extracted wheat germ seems deficient at all levels, while the alco- 
holic extract of wheat germ is quite potent at the level fed. 

Since yeast (Fleischmann, dried) has been the usual source of 
vitamin B in this laboratory and since we feel quite certain that 
normal average growth is attained on Diets 232 or 228, a large 


2 Tikitiki is a product (Philippine J. Sc., 1921, xix, 67) which has for some 
years been distributed by the Philippine Bureau of Science to the natives, 
especially nursing mothers suffering from or threatened with beriberi. 
We are greatly indebted to Dr. A. H. Wells, chemist in charge, for our sup- 
ply of this valuable concentrate of antineuritic vitamin B. 
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number of groups of lactating mothers has been kept on these 
diets with various levels of yeast. Table III summarizes the 
data on growth and mortality of the sucklings. It is clear that 
increasing the yeast in the diet has lowered mortality of the young 
and has increased the growth rate. When young of 6.0 gm. birth 
weight are weaned on the 2ist day with a weight of 40 gm., it 
may be considered that the mothers are lactating normally. This 


TABLE II. 


Growth-Promoting Values of Materials High in Vitamin B. 
All supplements were added to Diet 232. 





Average weight 
of groups of 
three young at 
90 days of age. 


Supplement. 





gm. 


ee Sie IE i I iis so bos ik nahh kee siarsaacesinnes 101 
ao 6S OG A oe senuiel otra penta trkeReunae 143 
| © te WN ch on aint cana exe nmaa eas eeA | 194 
2.5 per cent ether-extracted wheat germ..................... 140 
sao * * ” ” Dy -aceans token anaes 127 
ae 6 * - " saitcmeudaniewnnes | 147 
5.0 per cent rice polishings in diet................ceseceees | 7 
ae hU* ” ™ es RE EU er 179 
_—|hUmF.! U8 - ad Ee ER RT ee | 165 
, 

Alcoholic extract from 10 gm. ether-extracted wheat germ 

added to each 100 gm. of Diet 232.................0ce cece eee 164 
Se Se CN og chic ccad wasknvaceaSecanecees | 93 
li drops “ ee: Wendie te ake ae Balan tae A oe eID 132 
5 *™ os rae a atasEia sa delle ee aes ene NR 177 





represents an increase of 570 per cent in body weight. It is only 
when 15 per cent or more of yeast is added to Diet 232 that nor- 
mality in mortality and weaning weight is approached. Even 
then, the absolute weaning weights are somewhat low. Evi- 
dently, then, when yeast is the accessory source of vitamin B in a 
simplified dietary about 5 times the normal intake is required 
during the latter part of the lactation period. These results are in 








eer g°OFO'L Z4°g Pero sz 





*(93B jo 
£68 , 19 €8 sABp OZI 3B peg S19y}OUT) sUTEG 
*(e8B jo 
SABP 06 38 PIG S19q}OUI) 4oIp 
PL ul ysvoX quod 10d OT + Zgz 19IC 














£ OF T'S j LPFP OF 





10n 


*(93B jo 
skvp OZI 38 polq S1syyour) suey 

"(e388 jo 
sXep 06 78 ped S1eyjouT) YoIp 
0 : 0g ur ysvok ques 10d ¢ + ZEz 191 


ut 


‘ 
c 


£'OF6'F | POFS p 9° €F9'8g 





und Lact 


é 
c 





S° : Gg ‘ouleyg 
‘Ajayeivdos pay 
9¢ Ajvep ysvok ‘wd 99 + ZEz 19IG 


B 


~ 
_ 
_ 
S 
= 
SS 








‘Ajayeredes pay 
coe | FOF FH | SOFT G VFS 9S Ajiep ysvok “Wd 99 + 8ZZ 191 


7499 sad uw “mb 7499 sad 


Vit 








“motte “uorTyeIAep 
Pa wn | psvpueig “yy 310m 
Zuno ewe 

qq *pouvem ‘ON 
jo 7 43I0M esus0Ay ‘ON 

Apoq ut “*9q310M Zuruv8M 1 ; dnoiy 

esvol0uy I r 


‘. uvely 








*pepjons 














"W;401n *AAITBIIOW 

















*(uupwyos1a) y) 78vaX prrsg 904A, fo sjunowy burhivg Snjd 888 PUY BSF 8}21G UO sLayjOPY fo IUDWLOfsag U01})DJ.IT 
“IIL GIAVL 








267 








*(a3B jo skep (CT 
0} 09 WOIJ paiq S19yZOUT) YeIp 

































































*(98R 10 


E 10¢ | OFS | 9 OF6ZE pS | 8 ZFO'S8 ze 98 9 ur ysvod yuao sod Og + ZEZ II cI 
= osg | POFG'D | 9 OFB'SE Gg | O3F¢'86 6g 09 or 
© : "(938 jo 
“ olg 0°SE og OOT; O08 0€ ¢ SABp 0ZZ 48 ped S19Yy}OUT) oUIBS iat 
>) (938 jo 
> SABP 0G 7B Pod SI9YJOUT) YoIp 
oS 82S ¥'9E 8°¢ 16 62 0€ g ul ysvak yuoo 19d OZ + ZEZ 391 €I 
DM 
= 9c¢ | 20FZS | 2 0F8 €'¢ | & HFS 9s 662 OFF 19 
iS ‘(a3e jo sABp OST 
. TOs bo ¢’¢ 06 €IT GZr 1Z 0} 09 Wlo1} poiq S19qYZOUI) OUIBS él 
= *(aBe jo 
82S 9°9E yg ¢8 GL 68 gl Shep 06 18 polq S1eyzZOU) WBS IT 
py *(oBB Jo 
829 o'tE i 06 gg GL cI sXep 09 38 peiq S19y}OUT) oUTEy Or 
*(o3B jo 
81g | ae 8 yg 62 61 FZ v sAep OZ 98 ped Sidy}OUI) oUTBS 6 
‘(938 Jo 
sfep 06 78 pe1q 8.19 }OUL) yeIp 
06S 9°9E e's GL lz 9€ 9 ul 4ysvoX quod 10d GT + ZEz 991 8 
ger [goFoz | zoFP oe] 2:9 | b eFO-BL Ig 39 — 1 
—-  T *(93B jo 
£6 T0¢ 19 €8 CZ oe c sAep 0ZI 78 peaq s1eyjou) sues L 








= 
— 
a) 
SS 
~~ 
oO 
Ss 
_ 
“= 
S 
3 
aa) 
i= 
= 
= 
3S 
= 
> 


S°OF9 FD 


b OFFS 


L° OF 


G&S 





9 'OF8 'ZE 








Let 


OTE 
LOF9 8% 





OTe 


8° 





€8E 


9 OF9 FZ 





g9€ 


96€ 


7499 sad 


"ub 


G ¥G 


8° 


“u5 





"U01}Bz0R] 
suunp 
sunod 
jo yq431I0mM 
Apoq at 
esvel0uy 


“muor}elAep 
pavpuryg 





“Uveyy 





“‘9qZ310M ZulUvAA 








“*4q3I0mM 


qq 
esvIVAY 


O'r+Fea'< 


6° €F8'L9 


¥8 


8P 


0'F+9 9 
OL 


19 


T't0 19 


29 


09 


790 sad 





“aulBg 
"U1103 JVI P9}IV1I}X9 
-10y39 yueo rod G + ZEZ 49IC 








“OuIBg 
“qorIp UI SZuryst 
-jod 9011 yuao sed 0g + 2&7 19IC 














“@ulBg 
“4oIp UI SSurYstI 
-jod 9011 yueo red GT + ZEZ 99 











“qoIp UI SSUTYSt 
-jod sot1 yueo red OT + 28% 19IC 





“‘peuvom “ON 


*pepyons 
eq 

0} U8ATS 

Sunod 


jo “ON 





"yyAorDH 


*AYITRIIOW 











“8109311 
jo ‘ON 








“ON 
dnoiy 





48094 UDYL, 49410 


‘gq unm. 4 ur ybrzyy saounjsqngy fo 82097 snoisn 4 fig paquawajddng sy j91q] way A S4ayjopy fo s2UDWJLOfi9q UOYjD}IDT 


“AI TIAVL 
















































































































































































: at any she eis eee Se 
eer | og oFe. | 2 0F8'ee| 9¢ | SeFees| IE 1g Ol "4s¥oX U10}S0M 
on | -YWON Jue 10d GT + ZZ 491 02 
co = = es = a siinetitiiaomactte 
N She | FP OFL DH | 2 OF8'EZ ¢ | OFFZ'S9 It 09 ol “THIEN Sdoup OL + ZS 9 61 
eae. 7 mm ns he Be tele te! 
csp | 9 OFZOD | 8 OFD CE Gc | 6 FF2'92 9% 43 9 sdoip g + ysvat “WS g + ZEZ 191 8I 
00¢ | GS OFI'L | 9 OFF ZE bo | b SFs'92 e¢ 69 ZI 
se Bodh Ww led se ead = = 
5 00g 9°€€ 9°¢ €8 62 ce 9 “OUIBS LI 
‘A[rep 
~ ; 
- qsvoXh ‘wi3 g'Q + UWIEs yeoyM 
© P9}0B1}X9-194}9 JO 498B1}X9 
SG) Z0S 8°08 1'¢ OL ¥Z & 9 aoyoo|e yuas sed ¢ + ZZ WIC 91 
ae) _ = “ULIOS YBOYAM BOY 
= gc¢ | L0FFS | OIF6 FE €¢ | 6 $098 Te 9¢ 9 yso1y ques sod GT + Ze WIC SI 
I 9s¢ | + 0F6'9 | 9 OFF 9E| e¢ | OSFOSs| gg 99 Il 
fae eee | ee fe — — a = — 
> 099 688 I'¢ cL Z% 9€ 9 ‘OUle Ss ial 
_ "U1103 BOY Po}IV14X9 
—j gT¢ 6°88 g'¢ 146| 62 0g g -19y449 Yue 10d QZ + ZEZ 391 gI 
ro —— — Le, 2 ——E—E——E— EE 
= 89h |S OFFD | 9 0F9 62 2S | 8 SFI'0L cP #9 II 
O8F 0°62 o¢ 99 % ge 9 ‘ouIBg rat 
"UI193 YVOYM P9}IBIYXO 
89F 1°08 ¢'°¢ 9L a 62 g -194}9 yuao ied GT + ZeZ IC II 
OS | POFS'S | 9 OF8'0E €¢ | b SFr ss 1g G9 IT 
S6P gig g 68 Ze 98 9 ‘ouUIBS or 
POP ¥ 62% zg cg 61 62 c “ULIOS JBOYM P9}IV1IPXO 
-19439 yuoo 19d OT + Ze% 3°IC 6 
cw |goror |zoFes| of |ovrece| zz = ET Sel [eee ‘is 
cor L'8% I'¢ 9%| 6 rE 9  saureg |g 





*ULIOS YBOUM DO1DBIIXa 








270 Vitamin B and Lactation 


agreement with the findings recently published by Macy, Out- 
house, Graham, and Long’ and by Sure.** 

The results of feeding other sources of vitamin B are given in 
Table IV. It is clear that the lower levels of rice polishings and 
wheat germ allow great mortality and the animals surviving are 
weaned with low weights. Groups 15, 16, 17, and 18 should be 
compared directly with Groups 1 and 2 of Table III since the doses 
are added to a diet with 0.6 gm. of dry yeast daily. The addition 
of alcoholic extract of wheat germ or of tikitiki improved the whole 
lactation performance markedly. Special interest attaches to our 
use of the dilute alcoholic extract of rice polishings called tikitiki. 
We have shown that young animals on a rigorously pure diet and 
with no other source of vitamin B save tikitiki are hardly able 
to increase their weaning weights though they remain in good 
health. Hence, the experiments in question show that tikitiki 
is almost entirely lacking in the pure growth-promoting fraction of 
vitamin B. Now Diet 232 without yeast leads to the rapid death 
of animals, but with 3 drops daily of tikitiki, fair growth re- 
sults, so that some of the constituents of Diet 232 (chiefly corn- 
starch but also casein) are rich in the growth-promoting vitamin 
B. But the growth-promoting vitamin B in these constituents 
is not adequate for lactation, for without yeast even 10 drops 


3 Macy, I. G., Outhouse, J., Graham, A., and Long, M. L., J. Biol. Chem., 
1927, lxxiii, 189. 

‘Sure, B., J. Biol Chem., 1927, Ixxiv, 55. 

5’ Mention may be made of the statements of Sure (Sure, B., J. Biol. 
Chem., 1926, lxix, 53) that similar lowering of mortality and increase of 
weight in the sucklings’ ‘“‘lactation-promoting”’ effects were secured by the 
administration of vitamin E in lactation. We shall show in the following 
paper of this series that a new and peculiar paralysis in the sucklings 
of vitamin E-free mothers is prevented by the administration of this vita- 
min; but if vitamin B is inadequate in such lactations, vitamin E does 
not confer normal weaning weights on the young (see below) or in fact ele- 
vate those weights, nor does vitamin E with adequate vitamin B further 
improve the weights. Twenty mothers had been reared on Diet 232 + 0.6 
gm. of yeast daily; their fertility was assured by the administration of 250 
mg. daily of fresh wheat germ during gestation only. On the day of birth of 
their litters ten of the mothers were given 3 drops of wheat germ oil daily 
and ten were maintained on the same diet without the oil. The vitamin 
E-free mothers weaned 85 per cent of their young with an average weight of 
26 gm., but the vitamin E-fed mothers weaned only 73 per cent of their 
young with an average weight of 27 gm. 
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of tikitiki daily give no better lactation than when Diet 232 is 
supplemented with the mother’s own daily requirement of yeast 
(necessary for her antineuritic requirements). When her daily 
dose of 0.6 gm. of yeast is given her, however, tikitiki can then con- 
fer normal lactatory powers on her.’ Evidently successful lacta- 
tion demands more growth-promoting vitamin B than normal 
growth of the mother, and the additional growth-promoting vi- 
tamin B in 0.6 gm. of yeast daily is entirely adequate for her six 
young. When lactation is attempted with Diet 232 and the daily 
supplement of 0.6 gm. of yeast (and we are convinced this is the 
situation with most simplified dietaries) lactation delinquency is 
due to inadequate antineuritic vitamin, and in no degree to 
inadequate growth-promoting vitamin B.” 


SUMMARY. 


The simplified Diets 232 and 228, when supplemented by 0.6 
gm. of yeast, have been found satisfactory for rearing animals 
from the 21st day of life, for their growth and ovulation are ap- 
proximately equal to that produced by the best natural foods. 

Females on these rations always become sterile early in life, 
but by feeding a few drops of wheat germ oil daily during gesta- 
tion, litters of living young are produced. 

The greatest deficiency in such simplified diets appears during 
the lactation period. By increasing the amount of vitamin B 
in the diet, from any one of several well known sources, the suck- 
lings reach almost the normal weaning weight. If the growth is 


® It is probably incorrect to speak of normal or abnormal lactation when 
we are dealing merely with the presence or absence of a substance (vitamin 
B) which cannot be stored by the body and will hence appear in the mother’s 
milk only when adequately present in her food. As a matter of fact, the 
sucklings can be fed tikitiki by medicine dropper beginning as late as the 
15th day and improved weaning weights attained, showing that the mother’s 
milk is adequate in other respects. The members of eight litters were di- 
vided in each case into two equal sized groups so that half of the young re- 
ceived daily 8 drops of tikitiki; their weaning weights averaged somewhat 
over 31 gm., that of the untreated controls, 24.9 gm. 

7 It follows, of course, from this statement that the favorable effects 
when the alcoholic extract of wheat germ was added to 0.6 gm. daily of 
yeast are also due solely to the antineuritic (not the growth-promoting) 
vitamin B involved therein. 
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measured by the percentage increase from the day of birth to the 
2ist day, the performance equals that on natural foods (570 per 
cent). 

The indications are that when yeast is the accessory source of 
vitamin B about 5 times the usual intake is required during the 
latter part of the lactation period. 

Our work with a concentrated extract of antineuritic vitamin B 
practically free from growth-promoting vitamin B permits a 
further analysis of the situation. -It indicates clearly that the 
additional yeast needed for lactation is solely due to its addition 
to the antineuritic vitamin B and not to the growth-promoting 
vitamin B of the diet, for when tikitiki is given to lactating mothers 
without increased yeast dosage we can also produce normal 
lactation. 
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DEVELOPMENT OF PARALYSIS IN THE SUCKLING 
YOUNG OF MOTHERS DEPRIVED OF 
VITAMIN E.* 


By HERBERT M. EVANS ann GEORGE O. BURR. 
(From the Department of Anatomy, University of California, Berkeley.) 
(Received for publication, October 8, 1927.) 


During a number of years we have studied the growth and re- 
production of animals (rats) with the use of various simplified 
diets consisting essentially of casein, corn-starch, lard, salts, and 
vitamins A and B, the latter two being administered as butter or 
cod liver oil, and as yeast, respectively. Depending on the exact 
constitution of the diet, on the season of the year, and on the in- 
dividual idiosyncrasy of the animal involved, rats exhibit a more 
or less complete sterility on these diets. But if their procreative 
power is tested early in life (60 to 90 days), fertility is exhibited by 
the same individuals which are later sterile and the fertility of 
sterile individuals can be restored by the administration of small 
doses of vitamin E.!' Thus, either through initial fertility or by 
the use of vitamin E, many hundreds of animals held upon the 
simplified diets have given birth to living young. We have thus 
had an opportunity of studying extensively the function of Jac- 
tation with simplified diets. Lactation is usually gravely in- 
terfered with. We have elsewhere shown that a mother on such 
dietary régimes (régimes adequate for her own growth and repro- 
duction) cannot supply milk creating normal conditions in her 
offspring. Great numbers of such young succumb during the 
lactation period (mortality of 42 per cent in contrast with the 
normal mortality of 12 per cent) and the survivors only attain an 


* Aided by grants from the Committee for Research on Problems of Sex 
of the National Research Council and from the Bureau of Dairy Industry of 
the United States Department of Agriculture. These funds have been 
generously augmented by the Board of Research and by the College of 
Agriculture of this institution. 

1 Evans, H. M., and Bishop, K. S., Science, 1922, lvi, 650. 
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274 Paralysis and Vitamin E Deficiency 
average weight of 23.5 gm. instead of 33 to 40 gm. on the 21st day 
of life. In 1924, one of us wrote “‘it hence seems to us established 
that the function of lactation demands for its normal expression 
either one or more dietary elements different from those adequate 
for normal growth and for normal reproduction or else larger quan- 
tities of certain dietary elements.’’ The latter explanation is the 
correct one. A new substance is not needed for lactation. 

The preceding paper of this series? has demonstrated that the 
gravely impaired growth of young during the lactation period is 
due essentially to deficiency in the quantity of vitamin B in the 
mother’s food supply. We have shown that one must feed such 
mothers daily from 3 to 5 times the amount of vitamin B satisfying 
merely the maternal requirement for this substance if the mother 
is to suckle successfully litters of six young. But with such in- 
creased amounts of vitamin B in the maternal food, the young no 
longer die and are in fact able to accomplish normal growth, that 
is, to reach on the 21st day of life between 6 and 7 times their birth 
weight. They are excellent, glossy coated young dnimals. It is 
all the more surprising that a remarkable disability—a paralysis 
—develops in a high proportion of these young. 

A day or two before the weaning day (21st day of life) it is fre- 
quently noticed that the young in these litters have begun to have 
difficulty in regaining their limbs when placed on their backs. The 
disability increases. By the 21st day of life about three-fourths of 
such young are paralyzed in part of the musculature of the body 
wall and the posterior extremities. The disease increases in se- 
verity during the ensuing 4 or 5 days and by the 25th day of life 
practically all animals destined to develop the disease will exhibit 
it, though occasional instances of a still later development have 
been encountered. Variation is great but about 35 per cent of the 
affected animals die, 17 per cent recover perfectly, and 48 per cent 
continue to exhibit paralysis of some limb and body muscle groups 
throughout life. The suddenness of onset is remarkable. One 
encounters seriously affected animals definitely known to have 
been normal the preceding day. Almost invariably the disease 
can be noticed and it may indeed be well advanced in young which 
are of normal body weight and are still actively growing. It is 
also true that in a few instances the disease develops so rapidly 


? Evans, H. M., and Burr, G. O., J. Biol. Chem., 1928, Ixxvi, 263. 
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that death results without appreciable loss of body weight. The 
few young dying in this way have theoretic importance in our 
explanation of the cause of the mortality from the disease for they 
preclude the complicity of starvation. As arule, a few days elapse 
before the termination of fatal instances of the disease, by which 
time some emaciation is almost always evident. It is, of course, 
true that the disabilities in locomotion could destroy or greatly 
affect the animal’s power to obtain nourishment. The more 
rapidly fatal cases, however, would appear to sustain the view that 
in the other cases starvation is merely superimposed on the picture. 
Since we shall show later that we have in the paralysis a true 
deficiency disease, it would seem that one must regard the neuro- 
muscular mechanism as needing at this relatively late but critical 
time in its development a particular nutritive element. 

Both at the incidence of the disease and throughout its course, 
inability of the animals to right themselves when placed on their 
backs is the one constant and invariable sign. At the first exhibi- 
tion of such disability most of the animals also exhibit a clearly 
marked spastic condition of the lower limbs and a flexor spasm of 
the toes somewhat resembling the claw hand. A certain lower 
percentage of them shows an initial flaccid paralysis—a dragging 
of the legs—to be succeeded, however, by the spastic condition, so 
that in all cases spasticity eventually characterizes the disorder. 
On pulling out a cage tray of these animals which a day or two pre- 
viously were normal, one often finds all or many of them on their 
backs with hind limbs extended in spasticity and in evident in- 
effectual struggle to get up. Marked sensory changes are not 
demonstrable for cutaneous stimulation continues to evoke prompt 
reflexes.? The paralysis is always partial, never complete. It is 
difficult to say whether or not we do not also have incoordination 
as part of the picture; frequently complicated balancing can be 
accomplished. In many cases, after 2 or 3 months, these appar- 
ently healthy but permanently paralyzed animals show atrophic 
skin with bilateral falling of the hair in areas over the upper thigh 
and sacrum on either side of the middorsal line. 


* The condition has perhaps nearest resemblance to upper motor neurone 
paralysis according to Dr. R. W. Harvey, who has examined many of the 
affected animals. A more accurate symptomatic and full pathologic-ana- 
— study of the singular and obscure condition of these animals is un- 
aer way. 
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Depending on the severity of the disease, a certain proportion 
(less than 20 per cent) of the paralyzed young completely recovers, 
Such recoveries occurred only in the case of animals having the 
disease in mild form. An astonishing proportion (about half) of 
the paralyzed animals survives and in time, save for the paralysis, 
exhibits every evidence of normality and of health. The paralysis 
is permanent. We have retained considerable numbers of these 
animals for a significant portion of their life span, many of them, 
in spite of severe paralysis, having been bred and, when vitamin E 
was administered early in gestation and throughout lactation, 
having given birth to normal sized litters of living young which at 
no time developed paralysis. The fact that the disease may thus 
spontaneously arrest itself at a stage of permanent paralysis and 
that the animals thenceforth are normal, is in marked contrast 
to the picture shown by birds and young mammals with poly- 
neuritic or beriberi paralysis due to low vitamin B or to the picture 
of paralysis of guinea pigs, due to low vitamin C. In both of the 
latter diseases, paralysis is only part of a syndrome characterized 
by emaciation and grave constitutional involvement ending in- 
variably in death; in the disease confronting us, it is the only evi- 
dent disability, although a permanent one. 

Table I will show the incidence and the outcome of this disease 
in the suckling young of a group of 57 mothers reared on our 
Diet 232 (casein, 32; corn-starch (cooked), 40; Salts 185,‘ 4; lard, 
22; cod liver oil, 2; yeast, 0.5 to 0.7 gm. daily) to which was added 
on the day of littering either 15 per cent of whole yeast powder 
(Diet 326) or 10 per cent of yeast with the usual separate daily 
dose of 0.6 to 0.7 gm. of yeast (Diet 325) to insure an adequate or 
generous source of vitamin B, shown by our previous work to be 
essential for normal growth of the young. During gestation, the 
minimum effective daily dose of vitamin E in the form of wheat 
germ (250 mg.) was administered to insure the birth of living 
young. In these cases, a notation of the condition of each member 
of all litters was made on the 21st, 25th, and 30th days of life. In 
all cases, the mother was left with her young until the 30th day. 

Inasmuch as we were dealing with the young from mothers on 
simplified foods, it seemed entirely possible that the disease, though 
late in appearing, might really have resulted from some sort of 


4 McCollum, E. V., and Simmonds, N., J. Biol. Chem., 1918, xxxiii, 63. 
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delinquency in placental nourishment, a delinquency the effects of 
which were conceivably not in clear evidence until after 2 or 3 
weeks of postnatal life. In order to test this point, two types of 
experiment were made: Mothers on “‘simplified food”’ diets® were 
shifted on the day of birth of their litters to an abundant diet of 
“natural” foods.’ Under these circumstances their young do not 
develop the disease.’ Furthermore, the disease is prevented if 
the mother’s diet is not changed but the young themselves are fed 
a particular supplemental diet (vide infra) in addition to being 
allowed to suckle. It is hence evident that if the tissues of new 
born young after such an intrauterine life are particularly suscep- 
tible to the disease, it can at any rate be prevented by satisfactory 
postnatal nourishment. 

The second type of experiment consisted in inducing mothers on 
“simplified food’’ on the day of birth of their young to adopt 
litters born the same day from mothers reared and held on “‘natural” 
food. Such young also developed paralysis (Table II). It would 
appear, therefore, that it is to delinquency in some substance 
passed into the milk rather than to its lack in intrauterine life, that 
we must chiefly attribute the peculiar disease of the young. It 
remains true, however, that with the same wet-nurse, the young 
from mothers reared and held upon ‘simplified’ diets are more 
prone to develop the disease than are young from mothers reared 
upon “‘natural’’ foods. This was the outcome in another short 
series of experiments in which mothers on “‘simplified’’ food were 
allowed to retain three young from their own litters and at the same 
time were forced to adopt three young from a mother fed on 
“natural” food (Table III). 

Curative Experiments.—All attempts to cure the disease after its 
manifestation for several days have resulted in failure. We have 
just instanced the prevention of the disease by shifting mothers 
on “simplified food”’ to a generous diet of “‘natural’’ food on the day 
of birth of their young. If, however, such a shift is delayed until 
the earliest appearance of paralysis in any member of the litter 
(on the 19th or 20th day) it is already too late to forestall disaster. 


5 “Simplified” food refers to Diet 232. ‘‘Natural’’ food refers to our 
Diet I: whole wheat, 67.5; casein, 15; whole milk powder, 10; calcium 
chloride, 1; calcium carbonate, 1.5; milk fat, 5. The experiment has 
been performed in a total group of 66 mothers with no single instance of 
paralysis in the young. 
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The following section of this paper will report a long series of 
prophylactic measures with specific changes in the mother’s food. 
Some of these additional single foods, as will be seen below, were as 
satisfactory in their complete prevention of the disease in the young 
as was an entire shift to “natural” food, but they were seldom able 


TABLE II. 

Lactation Performance of Mothers Reared and Held on ‘Simplified Diets” 
When New-Born From Mothers on ‘‘Natural Food’’ Are Substituted for 
Their Own Young. 

Diet 232.—Casein, 32; corn-starch (cooked), 40; Salt Mixture 185, 4; 
lard, 22; cod liver oil, 2. 
Diet 326.—Diet 232, 85; yeast, 15. 
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to cure the condition once it had appeared. Werefer, for instance, 
to the prophylactic efficacy of lettuce leaves and yellow corn, 
neither of which was effective curatively once the disease ap- 
peared.® Furthermore, animals which were badly paralyzed on 
the 30th day of life have been fed high levels of a prophylactically 


* During the course of attempted prophylactic treatment with inade- 
quate levels of wheat germ oil (vide infra) twenty animals have developed 
a mild form of the disease and have ultimately completely recovered after 
immediate increase in the daily dosage with the oil. 
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effective substance’ throughout the remainder of their life without 
the slightest amelioration of the specific disability. 

Prophylactic Measures.—An attempt was now made to trace the 
factor or factors in the prophylactic prevention of the disease pro- 
duced by shifting mothers on “‘simplified food”’ to diets of “natural”’ 
food. One of the most characteristic things about the disease was 
the frequent and marked spasticity of the paralyzed extremities, 
especially the legs. This, together with the occasional occurrences 


TABLE III. 

Lactation Performance of Mothers Reared and Held on “Simplified Diet’’ and 
Given Equal Number of Their Own Young and Those from Mothers on 
“‘Natural Food.”’ 

Diet 252.—Casein, 32; corn-starch (cooked), 40; Salt Mixture 185, 4; 
lard, 22; cod liver oil, 2. 
_ Diet: 326 .- Diet 232, 85; yeast, 15 
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of tremors, led us to think of the possibility of a tetanic condition 
due to interference with calcium metabolism. But the possibility 
that we were dealing with a condition akin to parathyroid tetany 
so spectacularly relieved by calcium therapy as originally shown by 
MacCallum and Voegtlin® was negatived by the ineffectiveness of 
both injections and feeding of calcium salts. Furthermore, analy- 
sis of the blood calcium in paralyzed rats gave entirely normal 
values. A series of experiments involving increase in the calcium 


7 E.g., wheat germ oil. 
8 MacCallum, W. G., and Voegtlin, C., J. Exp. Med., 1909, xi, 118. 
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present in the diet or alterations in the calcium-phosphorus ratio 
is summarized below and shows complete lack of effect of any of 
these procedures. A possible réle of inadequate iodine in the 
disease was also eliminated by the lack of effect upon administer- 
ing it. 

Diet 348.—The same as Diet 326 with the exception of a salt mixture in 
which the potassium was held at the same level, the phosphorus lowered, 
the calcium, sodium, and chlorine raised. 5 litters, 27 young; at 21 days, 
85 per cent of the young paralyzed. The experiment was not carried 
beyond 21 days. 

Diet 365.—Diet 326 with 1 gm. of K;HPO, added for every 100 gm. of diet. 
6 litters, 27 young; at 21 days, 22 per cent paralyzed; 25 days, 48 per cent 
paralyzed; 30 days, 78 per cent paralyzed. Mortality between 15 to 30 
days, 36 per cent. 

Diet 351.—The same as Diet 326 with the exception of a salt mixture in 
which the potassium and phosphorus were lowered and calcium, sodium, 
and chlorine increased. 6 litters, 31 young; at 21 days 100 per cent par- 
alyzed. The experiment was not carried beyond the 21st day. 

Diet 368.—Diet 326 with 1 gm. of CaCO; added for every 100 gm. of diet. 
4 litters, 20 young; at 21 days, 40 per cent paralyzed; 25 days, 70 per cent 
paralyzed; 30 days, 70 per cent paralyzed. Mortality between 15 to 30 
days, 20 per cent. 

Diet 326.—KI + I: added to water supply. 6 litters, 28 young; at 21 
days, 71 per cent paralyzed; 25 days, 95 per cent paralyzed; 30 days, 95 per 
cent paralyzed. Mortality between 15 to 30 days, 84 per cent. 


Change in Nutritive Ratio —The sudden and extensive appear- 
ance of the paralysis in the suckling young of mothers on our Diet 
326 which confronted us in the summer of 1926, was all the more 
astonishing because for 4 years previously many litters had been 
observed during the lactation period of mothers held on simplified 
diets and though a very high mortality of such young had been 
observed, the paralysis had escaped notice. The simplified diet 
previously employed and to which we thus refer was usually our 
basal ration (casein 18, corn-starch 54, lard 15, milk fat 9, Salt 
Mixture 185 4, yeast 0.4 to 0.6 gm.). Now there are two im- 
portant differences between Diet 232 and the basal ration; in the 
latter diet, milk fat is an added constituent and in it also a poorer 
nutritive ratio—less protein—is found, the nutritive ratio being 
1 to 7, while that of Diet 232is1to4. The absence or rarer occur- 
rence of the paralysis when we were dealing with the basal ration 
could therefore have been due either to some element contained in 
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milk fat or to an obscure benefit from lower protein. While all 
our work had demonstrated that the better nutritive ratio was 
essential for rapid growth, it was not at all impossible that the 
higher protein could have toxic effects at this early age, being thus 
itself the cause of the disease. 

Neglecting for the time being the complicity of butter, we pro- 
posed to see whether benefits would follow lowering the nutritive 
ratio. Consequently, mothers on “simplified food” on the day of 
the birth of their young were shifted from Diet 232 to diets with 
the same nutritive ratio (1 to 7) as the basal ration reinforced with 
15 per cent yeast in order to give the necessary high vitamin B in- 
take for rapid growth of the young (Diets 370 and 371). As Table 
IV will show, the paralysis was not prevented by this procedure. 

It must further be noted that, although adequate vitamin B was 
present, actual impairment in the growth of the young resulted 
from lessened protein in the mother’s food; her young at weaning 
weigh only 3.2 times their birth weight instead of the 6- or 7-fold 
which is normal. Apparently, then, the changed proportions of 
protein, fat, and carbohydrate cannot explain the relative freedom 
from paralysis exhibited by young on the basal ration. The 
possible complicity of milk fat (the substance constituting the only 
other difference between these paralysis-producing (Diet 232) and 
paralysis-preventing (basal ration) diets) in case the mother is 
reared on the diet, can now be discussed. 

Table IV shows that when twe diets fed during lactation are 
identical save for the inclusion of butter in one of them, the inci- 
dence of the paralysis is lessened by the butter. Now when 
mothers are reared on butter-containing diets—such as our basal 
ration—so favorable are the cumulative effects that a diet which 
still produces some paralysis when employed merely for the lacta- 
tion interval, e.g. Diet 370 (Table IV), now insures complete free- 
dom from the disease. Table V shows the differing incidence of 
the paralysis in two groups of mothers which were litter mate 
sisters and during lactation were given the same diet, but through- 
out their preceding life had been reared on a butter-containing 
and butter-free diet respectively. 

Is the Paralysis Due to the Lack of Any of the Well Known Vita- 
mines?—The fact that the paralysis made its appearance when we 
were employing a food mixture with the nutritive ratio so adjusted 
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as to give the maximal growth in young animals and the further 
fact that alteration in the relative proportions of the main constitu 

ents of the diet proved inconsequential, drove us finally to consider 
vitamin lack as an explanation of the strange disease. Wecon- 
sequently sedulously examined the adequacy of the diet in each of 
the well known vitamins. Such a reexamination seemed all the 


TABLE IV. 
Lack of Effect on Paralysis of Changes in Nutritive Ratio. 

Diet 232.—Casein, 32; corn-starch (cooked), 40; Salt Mixture, 185, 4) 
lard, 22; cod liver oil, 2. 

Diet 370.—Casein, 12; corn-starch (cooked), 60; lard, 15; milk fat, 9; 
Salt Mixture 185, 4; yeast, 18. (Nutritive ratio, 1:7.) 

Diet 371.—Casein, 12; corn-starch (cooked), 60; lard, 22; cod liver oil, 2; 
Salt Mixture 185, 4; yeast, 18. {Nutritive ratio, 1:7. 
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more appropriate inasmuch as the existence of paralysis is classi- 
cally associated with impoverishment in vitamin B, and is known 
to be a feature in defective vitamin C, not to mention the recent 
association of leg weakness in fowls with vitamin D. 

As regards vitamins A and D, the inclusion of 2 per cent of an 
extraordinarily potent cod liver oil’ in the diet which was made up 
twice weekly, made inadequacy in these substances extremely un- 


® The cod liver oil was produced by the E. L. Patch Company of Boston 
and its superior value repeatedly tested biologically. It is perhaps of 
interest also that in contrast with oils from five other sources the Rosen- 
heim arsenic chloride color test was most marked with the Patch oil. 
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likely. Nevertheless, and to make quite sure we conducted a 
series of experiments (Table VI) in which in addition to the 2 per 
cent cod liver oil in the diet, 6 drops daily were fed on 0.7 gm. of 
yeast, which was always quickly consumed. We may note that 
had there been no cod liver oil in the diet itself, the separate feeding 
of merely a single drop daily of the cod liver oil with which we were 
dealing would have proven an adequate source for the maternal 


TABLE V. 

Marked Improvement in Incidence and Severity of Paralysis of Sucklings When 
Mothers Are Reared on the Basal Ration. The Contrasted Group of 
Mothers Were Reared on Diet 232 and Were Litter Mate Sisters 
of the Basal Ration Group. 

Diet 232.—Casein, 32; corn-starch (cooked) 40; Salt Mixture, 185, 4; 
lard, 22; cod liver oil, 2. 

Diet 370.—Casein, 12; corn-starch (cooked), 60; lard, 15; milk fat, 9; 
Salt Mixture 185, 4; yeast, 18. (Nutritive ratio, 1:7.) 

Basal Ration.—Casein, 18; corn-starch (cooked), 54; lard, 15; milk fat, 
9; Salt Mixture 185, 4. (Nutritive ratio, 1:7.) 
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vitamins A and D,as many experiments have shown us. We calcu- 
lated, therefore, that in the experiments just enumerated, clearly 
more than 10 times the amount of vitamins A and D necessary for 
the mother were always present. It might be added parentheti- 
cally that the “line test,’’ made, for instance, on the distal end of the 
femur in many of the paralyzed young, showed normal epiphyses 
and so further ruled out the complicity of vitamin D in the disease. 
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Vitamin B.—The preceding paper of this series has shown that 
the great early mortality in the suckling young of mothers on “‘sim- 
plified diets” and the lowered weaning weights of those young 
were both practically obliterated by the employment of high doses 
of vitamin B, and that this is due to the demand for more antineu- 
ritic vitamin B—not more growth-promoting vitamin B—by the 
sucklings. But it was precisely under these conditions, i.e. with 
increased vitamin B, that the new malady—the paralysis—was 


TABLE VI. 
Lack of Effect on Paralysis of Marked Increases in Vitamins A, D, and C 
Content of Diet. 
Diet 232.—Casein, 32; corn-starch (cooked), 40; Salt Mixture 185, 4; 
lard, 22; cod liver oil, 2. 
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* The low weaning weights probably indicate an actual toxicity of so 
high a level of cod liver oil. 


first noticed by us. As has also been shown in the preceding paper, 
several sources of increased vitamin B were employed—yeast from 





two sources: ether-extracted wheat germ and the alcoholic extract 
of this substance; rice polishings or an extract of them (tikitiki) ; 
whole milk powder and fresh whole milk. And it is a fact that 
the normal mortality and excellent weaning weights of these young 
(due to high vitamin B content) were associated especially toward 
the 21st day of !ife and thereafter with the outbreak of the paraly- 
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sis. Tables VII and VIII will demonstrate that the incidence of 
the disease shows no correspondence with the level of vitamin B 
intake. 

Vitamin C.—Although no one has clearly demonstrated any 
need of the rat for the antiscorbutic vitamin, we desired to make 
doubly sure that the substance, vitamin C, played no rdle in this 
disease, particularly because of the paralysis of the hind extremi- 
ties which often characterizes guinea pigs deprived of vitamin C 


TABLE VII. 
Lack of Effect on Paralysis of Vitamin B from Various Sources Fed at the 
Same Level. 
Diet 232.—Casein, 32; corn-starch (cooked), 40; Salt Mixture 185, 4; 
lard, 22; cod liver oil, 2. 
Diet 357.—Diet 232, 95.0; alcoholic extract of ether-extracted wheat 


germ, 5.0. 
Diet 384.—Diet 232, 85.0; Northwestern yeast, 15. 0. 
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(Goss).!° Table VI shows the ineffectiveness of the introduction 
of a liberal amount of vitamin C during the lactation period of 
four mothers. 

Vitamin E.—We were early struck by the fact that those single 
natural foods which, when added to the mother’s diet, had marked 
effect in preventing paralysis of the young, all constituted well 
recognized sources of vitamin E. We refer particularly to wheat, 
yellow corn, and lettuce. Table IX shows that with these sub- 





10 Goss, H., Calif. Agric. Exp. Station, Hilgardia I, 2, 1925. 
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TABLE VIII. 


Lack of Favorable Effect on Paralysis of Vitamin B from Several Sources Fed é 
at Various Levels. ' 
Diet 232.—Casein, 32; corn-starch (cooked), 40; lard, 22; cod liver oil, 2; 
Salt Mixture 185, 4. 
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* Figures given only for 21 days due to fact that animals were taken 
at this time for attempted cures. 
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stances the paralysis was prevented. A further analysis of wheat 
and corn is shown in Tables X and XI, where in the case of both 
cereals it can readily be seen that the useful component is the ether- 
soluble material or oil. 

The discovery that wheat germ oil was efficacious opened to us a 
new and conclusive test of the mediation of vitamin E in the dis- 
order, for the very high potency of wheat germ oil in this vitamin 
permitted us to employ direct dosage of the young, inasmuch as we 


TABLE IX. 
Complete Prevention of Paralysis by Addition of Certain Substances to Diet 
of Mothers during Lactation Period. 

Diet 232.—Casein, 32; corn-starch (cooked), 40; lard, 22; cod liver oil, 2; 
Salt Mixture 185, 4. 

Diet 352.—Diet 232, 53.0; yellow corn, 30.0; yeast, 15.0; CaCOs, 1.0; 
NaCl, 1.0. 

Diet 366.—Diet 232, 55.0; yeast, 15.0; yellow corn, 30.0. 

Diet 360.—Diet 232, 53.0; yeast, 15.0; whole wheat, 30.0; NaCl, 1.0; 
CaCls, 1.0. 


25th day 
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needed to administer by mouth or needle only a few drops of this 
substance. Furthermore, we had occasionally met instances of 
complete freedom from the disease in all nurslings of a litter and 
we had all along met freedom from the disease in some members of 
a litter in which other members were seriously paralyzed or dying 
from the disorder. It appeared to us that while untreated nurs- 
lings could exhibit sporadic freedom from the disease, the treated 
ones should invariably be rescued therefrom. Such indeed, proved 
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to be the case. Furthermore, we had the opportunity of treating 
merely half the members of a litter and to contrast in this way the 
incidence of the disease in treated and untreated litter mates, being 
certain by the outbreak of the disorder in the latter groups that we 
had not chanced to use young which would not show the disease 
regardless of our procedures. ‘Table XII shows the very remark- 
able efficacy of wheat germ oil. Ina total of 139 treated animals 
all were free from the disease on the 30th day of life (though some 


TABLE X. 
Effect of Various Portions of Yellow Corn on Paralysis. 

Diet 232.—Casein, 32; corn-starch (cooked), 40; lard, 22; cod liver oil, 2; 
Salt Mixture 185, 4. 

Diet 263.—Diet 232, 84.0; yeast, 15.0; corn ash, 0.6 (equivalent to ash 
from 30 per cent yellow corn in diet). 

Diet 383.—Diet 232, 55.0; yeast, 15.0; ether-extracted yellow corn, 30.0. 

Diet 325.—Diet 232, 90.0; yeast, 10.0. 

Diet 366.—Diet 232, 55.0; yeast, 15.0; yellow corn, 30.0. 
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twenty on account of too late or slight dosage had exhibited begin- 
ning paralysis earlier in lactation). In marked contrast, of 110 
untreated litter mate controls some 60 or about 55 per cent were 
typically paralyzed on the 30th day of life. The wheat germ oil 
could be administered either by mouth or by needle and its adminis- 
tration could be delayed until the 15th day of lactation if as much 
as 5 drops (115 mg.) daily were given. This is of great interest as 
indicating that the critical period in the development of the nerv- 
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ous system, as far as concerns its indispensable need for orally 
conveyed vitamin E, begins at about the 15th day of postnatal life, 

The fact that the particular animals in any one litter which were 
protected from the development of the paralysis by wheat germ 
oil were almost always heavier animals than their paralyzed litter 
mate controls might lead one to wonder whether a general nutritive 
improvement as well as the specific prevention of the disease was 

TABLE XI. 
Effect of Various Parts of Whole Wheat on Paralysis. 

Diet 360.—Diet 232, 53.0; yeast, 15.0; whole wheat, 30.0; NaCl, 1.0; 
CaCOs, 1.0. 

Diet 232.—Casein, 32; corn-starch (cooked), 40; lard, 22; cod liver oil, 
2; Salt Mixture 185, 4. 

Diet 325.—Diet 232, 90.0; yeast, 10.0. 

Diet 373.—Diet 232, 55.0; yeast, 15.0; white flour, 30.0. 

Diet 364.—Diet 232, 85.0; fresh whole wheat germ, 15.0. 
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introduced by vitamin E or by this slight amount of added fat in 
the diet. But in several litters in which accidentally no paralysis 
appeared in the untreated half of the members, the administration 
of the wheat germ oil did not bestow improved body weight on the 
treated members and we are therefore to look upon its action in the 
other cases as protective merely against the specific disease which 
also somewhat injures growth. 
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The fact, finally, that it is to the vitamin E component of wheat 
germ oil, and to it alone, that we are to ascribe protection from the 
paralysis has emerged from our careful testing of several critical 
fractions" out of the oil, fractions which could be said to possess 
or lack vitamin E in accordance with the presence or absence of 
power to prevent the resorption of embryos in gravid test females 
each previously proven to be sterile from vitamin E deficiency. 
Table XIII shows the remarkable correspondence which we found 
in the sterility-curing and paralysis-preventing properties or lack 
of these properties in these fractions.” 


it The fractions of wheat germ oil were those recently described in our 
monograph on vitamin E (Evans, H. M., and Burr, G. O., The antisterility 
vitamine, Memoirs of the University of California, 1927, viii) and were 
secured briefly as follows: Wheat germ oil was saponified on the steam bath 
with 20 per cent alcoholic potash and the non-saponifiable matter was 
extracted with ether, washed neutral, and recovered. The oily portion of 
the non-saponifiable matter was separated from the insoluble sterols by 
cold pentane. The sterols were thoroughly washed with pentane until 
almost white. The combined pentane-soluble material was then recovered 
and taken up in methyl alcohol. On standing overnight in the cold, more 
solid sterols crystallized and were separated. The methyl alcohol solution 
was then mixed with an equal volume of petroleum ether (oronite) and suffi- 
cient water was added to dilute the methy] alcohol to 92 per cent by volume. 
The two layers of solvents separated at once and the methy! alcohol layer 
was extracted three times with petroleum ether. These two fractions are 
designated as the 92 per cent methyl alcohol fraction and the petroleum 
ether fraction. This has become with us a well standardized procedure 
for the concentration of vitamin E in petroleum ether. 

12 Special mention should be made of the fact that lactation-promoting 
properties—an increase in the proportion of young weaned and in their 
weights—have recently been ascribed to vitamin E by Sure. We have not 
secured indications of such effects but the marked difference between the 
diets employed by him and those recorded here invalidates comparison 
with our work. Sure has also reported certain experiments which have led 
him to suggest tentatively ‘‘the possibility of wheat oil containing two fat- 
soluble dietary factors, one thermostable possessing antisterility proper- 
ties, and the other thermolabile possessing lactation-promoting properties”’ 
Sure, B., J. Biol. Chem., 1926, lxix, 73). The reader will note that with 
the employment by us of such oxidation and heating procedures (Groups 
2 and 3, Table XIII) neither the paralysis-preventing nor sterility-curing 
action of vitamin E was disturbed. We would call attention to the possi- 
bility of destroying vitamin E by the development of rancid substances 
in wheat germ oil itself. (See Evans, H. E., and Burr, G. O., J. Am. Med. 
Assn., 1927, Ixxxix, 1587. 
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It would seem that we are now in a position to discuss the usual 
freedom of the nurslings from mothers fed the basal ration from the 
disease, for in our view it is to the protective influence of the 9 per 
cent milk fat that this must be ascribed. The failure of some other 
‘‘simplified”’ diets to show the paralysis in suckling young is due to 
the presence in them of constituents, like Crisco, which are definite 
sources of vitamin E. We would not overlook the E-destroying 
action of the high amount of lard in our Diet 232, even though it is 
an action which, as we have shown elsewhere,'* can be overcome by 


TABLE XIV. 
Lo rer Incide nce of Paralysis on Diet Producing High Initial Fe rtility as 
Compared with One Producing Low or No Initial Fertility. 


Diet 232.—Casein, 32; corn-starch (cooked), 40; lard, 22; cod liver oil, 2; 


Salt Mixture 185, 4. 

Diet 228.—Casein, 24; corn-starch (cooked), 59.3; Salt Mixture 185, 4; 
lard, 7.7; cod liver oil, 2. 

Diet 346.—Diet 228, 85.0; veast, 15.0 

Diet 226.—Diet 232, 85.0; veast, 15.0 
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“ 346 36 | 212 | 195 | 92.0) 5.6 | 35.1) 527 | 40 | 21.3) 4.6) 72 


small amounts of any potent source of vitamin E. With less lard, 
such traces of vitamin I as are present can better assert them- 
selves and thus it comes about that we have both a high initial 
fertility of females reared on our Diet 228 and very little of the 
paralysis exhibited by their nurslings (Table XIV). It would 
seem certain that these factors have prevented previous investi- 
gators from encountering the paralysis. With a knowledge of 
them, we may now regularly produce or prevent it. 

The complicity of vitamin E in the production of this disorder of 


138 Evans, H. M., and Burr, G. O., J. Am. Med. Assn., 1927, Ixxxviii, 1462. 
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the nervous system at first seemed to us remote. This mental 
attitude had, perhaps, its value in inducing us to try many other 
types of dietary change. The non-effectiveness of these changes, 
together with the positive evidence afforded by vitamin E dosage, 
has therefore brought all the greater conviction. The existence of 
a specific disease in suckling young caused by low vitamin E and 
the alleviation of this disease have not hitherto been reported by 
any investigator, so far as we are aware. 
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STUDIES ON RACEMIZATION. 
VI. ACTION OF ALKALI ON PEPTIDES AND KETOPIPERAZINES, 


By P. A. LEVENE anp ROBERT E. STEIGER. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, November 14, 1927.) 


Levene and Pfaltz! have shown that ketopiperazines on standing 
in an aqueous solution containing 1 equivalent of alkali undergo 
racemization, whereas di-, tri-, and tetrapeptides suffer only a 
minimal change in their optical properties. The ketopiperazines 
employed in the previous experiments were levo-alanyl-glycine 
anhydride, dextro-alanyl-dextro-alanine anhydride, and levo- 
prolyl-glycine anhydride. Regarding the mechanism of the proc- 
ess of racemization, the assumption was made that it is preceded 
by enolization of the form (I) to form (IT). 


co C-OH 
* ON 
RHC NH RC NH 
| = | | 
HN CHR HN CR 
od \ 
Co C-OH 
I. II. 


An analogous assumption had previously been made by Dakin? 
in order to explain the racemization of proteins. Dakin thought 
that tautomerism leading to racemization takes place in poly- 
peptides. From a priori reasoning, this assumption was perfectly 
justified. In order to test the above assumption, it was necessary 
to study the effect of alkali on anhydrides with a tertiary asym- 
metric carbon atom. 


? Levene, P. A., and Pfaltz, M. H., J. Biol. Chem., 1925, Ixiii, 661; J. 
Gen. Physiol., 1925, viii, 183; J. Biol. Chem., 1926, Ixviii, 277; 1926, Ixx, 219. 
* Dakin, H. D., J. Biol. Chem., 1912-13, xiii, 357. 
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The present investigation was undertaken with a view of extend- 
ing the observations of Levene and Pfaltz to a larger number of 
the common peptides and ketopiperazines and further to test 
the action of alkali on peptides and ketopiperazines containing a 
tertiary asymmetric carbon atom. Glycyl derivatives of valine 
and leucine were selected as representatives of the first group of 
substances and glycyl derivatives of ethylmethylaminoacetic acid 
(isovaline) and phenylmethylaminoacetic acid of the latter group. 

The results of the observations on the action of 1 equivalent 
of 0.1 N alkali on glycyl-dextro-valine and its anhydride, glycyl- 
levo-leucine and its anhydride, as well as the action of 10 equiva- 
lents of 1.0 N alkali on glycyl-levo-leucine anhydride are sum- 
marized in Table II. From this table it is seen that in each pair 
of experiments with 1 equivalent of alkali, from 75 to 85 per cent 
racemization took placein the anhydrides and none in the peptides. 
In the experiment with 10 equivalents of alkali there occurred 
about 20 per cent racemization of the anhydride. We are inclined 
to believe, particularly on the basis of the work on racemization 
of gelatin by Levene and Bass,’ that no racemization at all would 
have occurred if alkali of still higher proportions had been em- 
ployed. Unfortunately, our material was exhausted by many 
control experiments, some of which are described in the experi- 
mental part. 

The results of the observations on the second group of sub- 
stances are givenin Tables III andIV. If the assumption regard- 
ing the mechanism of racemization expressed in the previous 
articles is correct, then no racemization should take place with 
ketopiperazines of this group inasmuch as the asymmetric carbon 
atom has no mobile hydrogen atom attached to it, as is seen from 
formula (IIT). 

Co 


ye™ 


H.C NH 
| | Ri 
/ 
HN Cc 


~~“ 
co R 


ITI. 





3 Levene, P. A., and Bass, L. W., J. Biol. Chem., 1927, Ixxiv, 715. 
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The ketopiperazines of this group were found to be nearly 
insoluble in water but soluble, fortunately, in pyridine or in 
mixtures of pyridine and water. It was found convenient to 
dissolve the glycyl-dextro-isovaline anhydride in a 10 per cent 
(by volume) pyridine-water mixture, and the glycyl-dextro- 
phenylmethylaminoacetic anhydride in a 57 per cent pyridine- 
water mixture, each solution containing 1 equivalent of sodium 
hydroxide. For comparison it was therefore necessary to repeat 
the experiments with a peptide and ketopiperazine of the first 
group under similar conditions. In Table III are recorded the 
changes in rotation of the solutions of the various peptides and 
anhydrides. The rotations of all the dipeptides remain unchanged 
after 48 hours standing at room temperature. Glycyl-levo-leucine 
anhydride shows a marked drop in rotation in the solution with 
the low concentration of pyridine and the rotation falls to zero 
in the solution containing the higher proportion of pyridine. 
From Table IV it is seen that the drop in the rotation in the first 
solution is actually accompanied by racemization of the active 
amino acid and that in the second solution the racemization is 
complete. Glycyl-dextro-isovaline anhydride and glycyl-dextro- 
phenylmethylaminoacetic anhydride show slight changes in rota- 
tion. From Table IV it is evident that these changes are due to 
hydrolysis of the anhydrides to the dipeptides. 

Thus, the experimental results are as expected on the assumption 
that the racemization of the amino acids in the ketopiperazines is 
brought about by a- tautomeric change involving the asymmetric 
carbon atom. 

Incidentally, it was noted that the ketopiperazines with a 
tertiary asymmetric carbon atom showed greater resistance 
towards hydrolytic action of hydrogen or hydroxyl ions. In 
papers on “The Relation of Chemical Structure to the Rate of 
Hydrolysis of Peptides,’ Levene, Simms, and Pfaltz* have called 
attention to the fact that substitution of a hydrogen atom on the 
nitrogen atom by an alkyl group enhances the stability of the 
peptide linking. In Table V are given the comparative results of 


‘Levene, P. A., Simms, H. S., and Pfaltz, M. H., J. Biol. Chem., 1924, 
lxi, 445. Levene, P. A., and Simms, H. S., /. Biol. Chem., 1924-25, Ixii, 711. 
Levene, P. A., Simms, H. S., and Pfaltz, M. H., J. Biol. Chem., 1926, xx, 
253. 
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hydrolysis of glycyl-levo-leucine anhydride and of glycyl-dextro- 
isovaline anhydride. The resistance of the latter is approximately 
10 times as high as that of the former. 

In the course of the work it was found that isovaline gives 
correct amino nitrogen figures only after prolonged action of 
nitrous acid in Van Slyke’s apparatus. The rate of deamination 
of this compound is considerably lower than that of the common 
amino acids. a-Aminoisobutyric acid likewise behaves ab- 
normally but phenylmethylaminoacetic acid does not. The ex- 
perimental results are recorded in Tables VI and VII. 


EXPERIMENTAL. 
1. Preparation of Compounds. 


Glycyl-Dextro-Valine—This compound was prepared from 
dextro-valine through the chloroacetyl compound by the proce- 
dure described by Fischer.® 

The necessary dextro-valine was obtained by resolving formyl- 
dl-valine by means of brucine.® 

No. 91. 

C7Hy,O3N:2 (174.17). Calculated. C 48.25, H 8.10, N 16.09. 
Found. * ** 48.22, “* 8.22, ** 16.10. 
Moisture 1.60 per cent. 

* Micro combustion. The substance was mixed in the boat with copper 

oxide. 


Glycyl-Dezxtro-Valine A nhydride.—Glycyl-dextro-valine was con- 
verted into the hydrochloride of its methyl ester and cyclization 
of this intermediate was realized by means of methyl alcoholic 
ammonia. Fischer’s’ indications were followed. 


No. 94. 
C7H12.02N:2 (156.16). Calculated. C 53.81, H 7.75, N 17.95. 
Found.* ** 63.72, “* 7.79, ** 17.95. 
Moisture 1.34 per cent. 
Glycyl-Levo-Leucine.—This compound was prepared from levo- 
leucine through the chloroacetyl derivative according to Fischer’s 
directions.® 
5 Fischer, E., and Scheibler, H., Ann. Chem., 1908, ccelxiii, 138, 140. 
6 Fischer, E., Ber. chem. Ges., 1906, xxxix, 2322. 
7 Fischer, E., and Scheibler, H., Ann. Chem., 1908, ecelxiii, 142. 
* Fischer, E., and Steingroever, J., Ann. Chem., 1909, ccelxv, 167. 
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No. 99. 

CsHy.O3Ne2 (188.19). Calculated. C 51.03, H 8.57, N 14.89. 
Found. “* 51.24, “* 8.52, “* 14.88. 
Moisture 0.84 per cent. 


Glycyl-Levo-Leucine Anhydride.—This compound was prepared 
from the above dipeptide by Fischer’s method.° 

Nos. 93, 100. 

CsH,,O2.Ne2 (170.17). Calculated. C 56.44, H 8.29, N 16.47. 
Found. No. 93. ‘‘ 56.52, “ 8.49, “ 16.55. 
Moisture 1.37 per cent. 
Found.* No. 100. C 56.27, H 8.49, N 16.49. 
Moisture 0.79 per cent. 


* Micro combustion. The substance was mixed in the boat with copper 
oxide. 


dl-Isovaline.—Zelinsky and Stadnikoff’s method" of preparing 
amino acids when applied to methylethyl ketone gave Kurono™ 
a yield of 26 per cent of isovaline. 

The Russian authors’ method was modified. Ammonia water 
was added to their original mixture of ketone, ammonium chloride, 
and potassium cyanide in water and alcohol. It was thus hoped 
to convert more oxynitrile, formed as an intermediate, into the 
aminonitrile and to reduce as much as possible, or to prevent, the 
formation of secondary products.” Care was also taken to have 
an excess of ammonium chloride over the cyanide. At the same 
time the general procedure was carefully worked out in detail. 
Pure isovaline was obtained with a constant yield of 58 per cent. 
It is not certain, however, to what extent this result is due to the 
action of the ammonia, since no blank experiment was carried 
out. 


55 gm. of ammonium chloride (1 mol + 1.5 gm. excess) and 62 gm. of am- 
monium hydroxide, sp. gr. 0.90, (about 1 mol of NH;) were added to a solu- 
tion of 65 gm. of pure granular potassium cyanide" (1 mol) in 240 cc. of 
water in a 1 liter Pyrex reagent bottle provided with a well ground glass 





* Fischer, E., Ber. chem. Ges., 1906, xxxix, 2913. 
1° Zelinsky, N., and Stadnikoff, G., Ber. chem. Ges., 1906, xxxix, 1722. 
1 Kurono, K., Biochem. Z., 1922, exxiv, 427. 
2 See Stadnikoff, G., Ber. chem. Ges., 1907, xl, 1014, 4350, 4353; 1908, 
xli, 4364; 1911, xliv, 38, 41, 44. 
‘8 Or the equivalent amount of a product of lower cyanide content. 
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stopper. After thorough shaking, 72 gm. of pure methylethyl ketone 
(1 mol), diluted with 300 cc. of absolute alcohol, were added, the glass stop- 
per firmly fixed with adhesive tape, and the bottle then heated for 5 hours 
in a water bath kept at 60°C. The reaction product was cooled to 0°C, 
and poured with care (hood for escaping vapors) into 800 cc. of 36 per cent 
hydrochloric acid (sp. gr. 1.18) contained in a 5 liter Pyrex round bottom 
flask surrounded with ice up to the neck. The reaction bottle was rinsed 
twice with 25 cc. of water. The mixture was saturated at 0°C. with dry 
hydrogen chloride gas (increase ia weight about 450 gm.), allowed to stand 
overnight in ice, then diluted with 1000 cc. of water, boiled uader a reflux 
for 2} hours" and evaporated to dryness under reduced pressure. (The 
final temperature of the heating bath was 100°C.) 350 cc. of absolute alco- 
hol, then 250 cc. of benzene were added to the residue and evaporation to 
dryness under reduced pressure was repeated. The water was removed 
by this procedure. To extract the isovaline hydrochloride, the residue was 
boiled for + hour with 500 cc. of absolute alcohol and the mixture was fil- 
tered at room temperature on a 15cm. Buchner funnel. The residue, con- 
sisting mainly of inorganic salts, was washed with 100 cc. of absolute aleo- 
hol and then reextracted by boiling with 250 cc. of absolute alcohol. The 
united extracts and wash alcohol were filtered from a deposit of inorganic 
salt which had formed and evaporated to dryness under reduced pressure 
in a 3 liter round bottom Pyrex flask (final temperature of the bath 100°C 
Drying of the residue of hydrochloride was completed at 80°C. in a vacuum 
oven. It was purified by boiling } hour with 200 cc. of anhydrous ether, 
which extracted tarry material, and washing on the filter with the same 
solvent. After drying at 80°C. in a vacuum oven, it weighed 122 gm. 
(theory 153.6 gm.). 

140 gm. of silver oxide were added in small portions to a solution of 122 
gm. of isovaline hydrochloride in 1200 cc. of water, maintained at 70°C., 
and vigorously stirred. The suspension was filtered as soon as the liquid 
was free from chlorine. A small amount of ammonia was removed from the 
filtrate by blowing a current of air through it, a precipitate which formed 
was filtered off, and the silver in solution was precipitated with hydrogen 
sulfide. The silver sulfide was filtered off by suction through a layer of 
norit and the greater part of the hydrogen sulfide in the filtrate removed by 
a current of air. The solution was then concentrated to small volume 
under reduced pressure, a small quantity of sulfur which had deposited 
was removed by filtering through a norit layer, and the clear solution 
evaporated to apparent dryness of the crystalline residue. It was sus- 
pended in 200 cc. of absolute alcohol. The crystals filtered off after stand- 
ing 36 hours in ice were washed three times on the filter with 20 cc. of ab- 
solute alcohol and then air-dried. They contained 1 molecule of water of 





14 A considerable amount of ethyl chloride escapes through the con- 
denser, the top of which is therefore best connected with the ventilation 


pipe. 
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crystallization, were ammonia-, chlorine-, and ash-free, and weighed 79 
gm. (58 per cent of the theory calculated on the ketone). The water of 
crystallization can be removed by drying at 100°C. under reduced pressure. 


No. 28. 

C;HyO2N + H:O (135.15). Calculated. HO 13.33. 
Found. ** 13.52. 

C;Hy,O2N (117.13). Calculated. N 11.96. 
Found. = Bes 


12 gm. of residue left by evaporation of the alcoholic mother liquor were 
found to be impure isovaline. 


No. 30. Found. H,O 13.76, N 11.27 (Kjeldahl), NH; 0.16, ash (K2SO,) 
3.86 per cent. 


Glycyl-Destro-Isovaline. 


A. Formyl-Dextro-Isovaline—Anhydrous dl-isovaline was for- 
mylated. The pure formyl derivative was then resolved by 
means of brucine, by the method of Fischer and von Grivenitz." 
Only the dextro-isovaline compound was isolated. 

The directions for the purification of the brucine salt of formyl- 
dextro-isovaline were modified. The first crop of crude salt was 
recrystallized three times from 4 volumes of hot alcohol (80 per 
cent by weight). Each time the crystals were filtered off after 
24 hours’ standing inice. Thus, 145 gm. of salt when crystallized 
from 680 ce. of aleohol gave 93 gm. which, dissolved in 372 cc. of 
alcohol, gave 73 gm. These were dissolved in 280 cc. of alcohol 
and gave 49 gm. of the final product. The purification was in- 
terrupted at this stage, and the formyl-dextro-isovaline was iso- 
lated by Fischer’s procedure. 

B. Chloroacetyl-Dextro-Isovaline.—50 gm. of formyl-dextro-iso- 
valine were boiled for 1} hours under a reflux with 500 gm. of 10 
per cent hydrobromic acid. The solution was then evaporated to 
complete dryness under reduced pressure and the residue of 
isovaline hydrobromide dissolved in 1 equivalent of cooled 2.0 Nn 
sodium hydroxide solution. The total halogen content of this 
liquid was calculated on the basis of a titrimetrical determination 
made on an aliquot sample. The liquid was cooled in ice and the 
equivalent amount of solid sodium hydroxide dissolved in it 


6 Fischer, E.. and von Griivenitz, R., Ann. Chem., 1914, edvi, 5. 
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under shaking. It was then treated alternately with 2 equivalents 
of chloroacetyl chloride and 2 equivalents of 5.0 N sodium hy- 
droxide, each reagent being added in small proportional parts. 
The chloroacetyl-dextro-isovaline was precipitated by addition of 
5.0 n hydrochloric acid (a slight excess over the equivalent was 
used). 

C. Glycyl-Dezxtro-Isovaline—Crude chloroacetyl-dextro-isova- 
line was allowed to stand 3 days at room temperature with 10 
times its weight of ammonium hydroxide (sp. gr. 0.90). The 
solution was then concentrated to dryness under reduced pressure. 
The residue was washed on a suction funnel with absolute alcohol 
and dried. 37 gm. of material thus obtained were dissolved in 
210 cc. of hot water, the solution was clarified with some norit 
and filtered. It yielded 27 gm. of dipeptide on addition of 500 ce. 
of absolute alcohol. The substance, which still contained some 
ammonium chloride, was redissolved in 195 cc. of hot water and 
reprecipitated with 500 cc. of absolute alcohol. The yield of 
pure dipeptide was 23.5 gm. 


No. 97. 

C;H:,0;Ne2 (174.17). Calculated. C 48.25, H 8.10, N 16.09. 
Found.* “ 48.30, “ 7.80, “ 16.00. 
Moisture 1.01 per cent. 


+ 0.06° x 100 _ 


27 a : 
[a], OX 1LT + 1.7° (in water). 


0.1742 gm. in 10 cc. (0.1 m solution). 


* Micro combustion. The substance was mixed in the boat with copper 
oxide. 


Glycyl-Dextro-Isovaline Anhydride. 


The starting material for this preparation consisted of 30 gm. of a 
mixture of pure glycyl-dextro-isovaline and the dry residue left by 
evaporation of the united mother liquors of the crystallization of 
this compound. It was suspended in 300 cc. of dry methy] alcohol. 
Dry hydrogen chloride gas was introduced into the suspension until 
saturation was obtained, while moderate cooling was effected. The 
resulting solution was evaporated to dryness under reduced pres- 
sure. The esterification wasre peated. In order to remove the free 
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hydrochloric acid more completely from the residue, benzene was 
added to it and the evaporation to dryness repeated. 50 cc. of dry 
methy] alcohol were added to the crystals, the flask was surrounded 
with ice, and 300 cc. of methyl alcoholic ammonia (saturated at 
0°C.) were then introduced. A clear solution resulted in which 
crystals of anhydride appeared very soon. The mixture was 
saturated at 0°C. with ammonia gas and then allowed to stand 
for 18 hours in ice. The product was thoroughly washed on the 
suction filter with dry methyl alcohol; it contained traces of 
chlorine; it weighed 19 gm. For purification, 18 gm. were re- 
crystallized from 325 gm. of water at 90°C., in the presence of 
some norit. Crystallization which commenced in the suction 
flask during hot filtration was completed on standing 6 hours in 
ice. The crystals, washed on the filter with absolute alcohol and 
dried in a vacuum desiccator over phosphorus pentoxide, weighed 
13gm. Melting point, between 269-270°C. (corrected). 


No. 98. 

CrHy»,O.N2 (156.15). Calculated. C 53.82, H 7.75, N 17.94. 
Found.* “* 54.04, “ 7.85, ‘* 18.04. 
Moisture 1.04 per cent. 


* Micro combustion. The substance was mixed in the boat with copper 
oxide. 


The rotation was determined in aqueous pyridine because of the 
low solubility in water. 


» _ +.0.78° x 100 


lel --Sx1502 ~ + 


0.1562 gm. + 8 cc. water + pyridine to make 10 cc. (0.1 m solution). 


In order to test the optical purity of the anhydride, 0.3905 
gm. (0.0025 mol) was heated for 24 hours with 10 cc. of 36 per cent 
hydrochloric acid in a sealed tube immersed in a steam bath kept 
at 100°C. Comparison of the total and amino nitrogen deter- 
minations showed that complete hydrolysis had taken place. 
The rotation of the solution in a 2 dm. tube was a® = +0.50°. 
Since 1 ec. contained 0.00704 gm. of nitrogen, the specific rotation 
for dextro-isovaline was 
+ 0.50° x 100 


—— = + 8.5° (in 36 per cent hydrochloric acid). 


23 - 
la], = 2 X 2.943 
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Fischer and von Grivenitz'® found [a];’ = +7.26° (+ 0.49), 
employing a solution of 0.01724 gm. in 20 per cent hydrochloric 
acid; the weight of solution was 0.1728 gm. 


dl-C-Phenyl-C-Methylaminoacetic Acid.—This compound can 
be obtained from phenylmethyl ketone by McKenzie and Clough’s 
method" with a yield of 36 per cent. 

Our modification!* of Zelinsky and Stadnikoff’s general method 
was tested on this ketone. 2 molecules of ammonia were used, 
preliminary experiments having indicated this to be an optimum 
amount. The yield was 33 per cent. The low yield of the amino 
acid may be due in part to the instability of the nitrile hydro- 
chloride mentioned by Jawelow.'® 

The procedure used for preparing the hydrochloride of this 
amino acid was identical to that described for isovaline. 





58 gm. of ammonium chioride (1 mol + 4.5 gm. excess), 120 gm. of am- 
monium hydroxide, sp. gr. 0.90, (about 2 mols of NHs3), 69 gm. of potassium 
cyanide 94.7 per cent pure (1 mol), and 120 gm. of pure phenylmethyl ketone 
melting at 20°C. (1 mol) dissolved in 300 cc. of absolute alcohol were al- 
lowed to interreact. The mixture containing the acidified reaction prod- 
uct was saturated with 490 to 550 gm. of hydrogen chloride gas. A tarry 
oil floating at the surface of the hot solution after hydrolysis was probably 
ketone which had not reacted. It collected during the concentration in the 
receiver. 122 gm. of purified hydrochloride were obtained (theory 201.6 
gm.). 

A solution of 122 gm. of the hydrochloride in 300 cc. of water was boiled 
for half an hour with 6 gm. of norit, and then filtered at room temperature. 
The filtrate, to which 200 cc. of absolute alcohol had been added, was 
heated to the boiling temperature, quickly transferred to a 1000 cc. beaker, 
and when the temperature had fallen to 75°C., 37 gm. of ammonium hy- 
droxide, sp. gr. 0.90, were added all at once. Stirring was done by hand 
with a heavy glass rod. Crystallization set in rapidly and very soon the 
stirring of the thick mass became almost impossible. It was allowed to 
stand for 12 hours at room temperature. The filtrate from it was dark 
brown. The product on the filter became absolutely white when washed 
twice with 100 cc. of an alcohol-water mixture (50 per cent by weight). 
The last wash liquid filtered colorless. The crude amino acid was dried at 
100°C. in a vacuum oven. It contained 2.14 per cent of moisture and 4.83 
per cent of ammonium chloride; its weight was 80 gm. 1850 cc. of absolute 





16 Fischer, E., and von Griivenitz, R., Ann. Chem., 1914, edvi, 8. 

17 McKenzie, A., and Clough, G. W., J. Chem. Soc., 1912, ci, 393. 
18 See general considerations under isovaline in the present paper. 
19 Jawelow, J., Ber. chem. Ges., 1906, xxxix, 1196. 
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alcohol were added to a filtered solution of this finely powdered material 
in 1840 ec. of boiling water. The crystals obtained after 18 hours cooling in 
ice were washed four times on the filter with 25 cc. of 50 per cent alcohol and 
then dried at 100°C. in a vacuum oven. They were ammonia-, chlorine-, 
and ash-free. Yield, 55 gm. (33 per cent of the theory calculated on the 
ketone). 


Nos. 50, 95. 
CsH1,02.N (165.15). Calculated. N 8.48. 
Found. No. 50. ‘‘ 8.68 (Kjeldahl). 
* = "te ai 
** 8.42 (Van Slyke amino). 


Glycyl-Levo-Phenylmethylaminoacetic Acid. 


A. Levo-Phenylmethylaminoacetic Acid.—dl-Phenylmethylami- 
noacetic acid was formylated. ° The formy] derivative was resolved 
by means of quinine and final purification of the impure formyl] 
derivative of the levo form achieved through the cinchonidine salt. 
McKenzie and Clough’s indications”® were strictly followed. 

B. Chloroacetyl-Levo-Phenylmethylaminoacetic Acid.—6.6 gm. 
(0.04 mol) of levo-phenylmethylaminoacetic acid were dissolved 
in 20 ce. of 2.0 N sodium hydroxide (0.04 mol) and treated alter- 
nately with 9.1 gm. (0.08 mol) of chloroacetyl chloride and 20 ce. 
of 5.0 n sodium hydroxide (0.10 mol), under cooling in ice, each 
reagent being added in equivalent proportions. The solution was 
acidified with 14 ec. of 5.0 nN hydrochloric acid (0.06 mol +2 ce. 
excess). The precipitate of the chloroacetyl compound, after 
drying in a vacuum desiccator over phosphorus pentoxide, 
weighed 8.5 gm. 

C. Glycyl-Levo-Phenylmethylaminoacetic Acid.—8.5 gm. of 
crude chloroacetyl-levo-phenylmethylaminoacetic acid were al- 
lowed to stand 3 days at room temperature with 85 gm. 
of ammonium hydroxide (sp. gr. 0.90). The liquid was then 
concentrated to dryness under reduced pressure. The residue of 
crude dipeptide and ammonium chloride was dissolved in 30 ce. 

of hot water. 500 cc. of absolute alcohol were added. The pre- 
cipitated material was washed on the filter with 60 per cent (by 
weight) alcohol until free from ammonium chloride. It weighed 
4.1gm. This product was further purified; 4 gm. were dissolved 


*° McKenzie, A., and Clough, G. W., /. Chem. Soc., 1912, ci, 394. 
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in 45 ec. of boiling water in the presence of some norit. 400 ce, 
of absolute alcohol were added to the filtrate and the crystals 
were filtered off after standing 24 hours in ice. The yield was 
3.0 gm. 


No. 90. 

C11Hi,OsNe2 (222.19). Calculated. C 59.44, H 6.35, N 12.61. 
Found. “ 58.80, “ 6.33, “ 12.65. 
Moisture 0.31 per cent. 


27 — 3.68° x 100 ae 
[aly = Soap =~ 82.8° (in water). 


Glycyl-Dextro-Phenylmethylaminoacetic Anhydride. 


A. Dextro-Phenylmethylaminoacetic Acid.—dl-Phenylmethyla- 
minoacetic acid was formylated. The formyl derivative was 
resolved by means of quinine, according to McKenzie and 
Clough’s method.”° 

B. Chloroacetyl-Dextro-Phenylmethylaminoacetic Acid.—21.5 gm. 
(0.13 mol) of dextro-phenylmethylaminoacetic acid were dis- 
solved in 65 cc. of 2.0 n sodium hydroxide (0.13 mol) contained in 
a wide glass tube placed in ice. The solution was treated alter- 
nately with 30 gm. of chloroacetyl chloride (0.26 mol) and 56 ee. 
of 5.0 N sodium hydroxide (0.28 mol), each reagent being added 
in equivalent proportions (8 cc. of alkali to 3 ec. of chloride), the 
time of introduction being about 40 minutes. Stirring of the 
reaction mass was effected by hand with a heavy glass rod. 
Addition of 36 ec. of 5.0 N hydrochloric acid (0.15 mol + 6 ee. 
excess) yielded a precipitate of the chloroacetyl compound which, 
after drying in a vacuum desiccator over phosphorus pentoxide, 
weighed 22.4 gm. 

C. Glycyl-Deztro-Phenylmethylaminoacetic Acid. — This sub- 
stance was prepared from the crude chloroacetyl-dextro-phenyl- 
methylaminoacetic acid in a manner identical to that used in the 
case of the levo-isomer. The resulting product was almost pure 
without recrystallization. 

D. Glycyl-Dextro-Phenylmethylaminoacetic Anhydride. — Dry 
hydrogen chloride gas was introduced into a suspension of 12.2 
gm. of crude dipeptide in 122 cc. of dry methyl alcohol, until 
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saturation was attained. The contents of the flask were cooled 
moderately with water during the whole reaction. The resulting 
solution was evaporated to dryness under reduced pressure. A 
second esterification identical to the first was then performed and 
evaporation to dryness was effected. The residue was dissolved 
in 100 ec. of dry methyl alcohol and this solution poured into 
120 ec. of methyl alcoholic ammonia (saturated at 0°C.); the 
reaction flask was kept standing in ice. Crystallization took 
place immediately. The crystals were filtered off after cooling 
24 hours in ice and washed thoroughly on the filter with dry 
methyl alcohol. They were free from ammonium chloride and 
weighed, after drying in a vacuum desiccator, 9.7 gm. Melting 
point between 297 —298°C. (corrected). 


No. 89. . 
CyHi202N2 (204.18). Calculated. C 64.70, H 5.92, N 13.72. 
Found.* “* 64.89, “‘ 6.06, “‘ 13.65. 


*Micro combustion. The substance was mixed in the boat with copper 
oxide. 


The rotation was determined in aqueous pyridine, the anhydride 
being almost insoluble in water. 


,  +.0.38° x 100 . 
lel = “Sx 20m 7 + 95° 


0.2042 gm. + 3 cc. water + pyridine to make 10 cc. (0.1 m solution). 


In order to test the optical purity of the anhydride, 0.2042 gm. 
(0.001 mol) was heated for 24 hours with 10 cc. of 20 per cent 
hydrochloric acid in a sealed tube immersed in a steam bath kept 
at 100°C. Comparison of the total and amino nitrogen deter- 
minations showed that complete hydrolysis had taken place. The 
rotation of the solution in a 2 dm. tube was a® = +3.22°. 
Since 1 cc. contained 0.00266 gm. of nitrogen, the specific rotation 
of the dextro-C-phenyl-C-methylaminoacetic acid was 


2 _ +3.22° x 100 


[a], = 2x 1.568 = + 102.5° (in 20 per cent hydrochloric acid). 


McKenzie and Clough” found for their active amino acid [a]}® = 
+90.1° (0.3946 gm. in 10 cc. of 1.0 N hydrochloric acid). 


** McKenzie, A., and Clough, G. W., J. Chem. Soc., 1912, ci, 396. 
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The results of three experiments made on the anhydride in 
order to establish the proper concentration of hydrochloric acid 
and the time necessary to bring about a complete hydrolysis are 
summarized in Table I. Other conditions and data have already 
been given in the preceding paragraph. 








TABLE I. 
. , » Yoncentratio a . Amino N 
Experiment No. C — n of lime of hydrolysis. Toul N 
per cent | hrs. per cent 
| 

] 10 24 58.6 

2 10 48 87.8 

3 20 24 100.0 


2. Action of Alkali on the Dipeptides and Ketopiperasines. 


I. Experiments on Glycyl-Dextro-V aline, Glycyl-Levo-Leucine, and 
Their Anhydrides. 


Experiments 1 to 4.—Alkaline solutions of these four compounds 
were allowed to stand for 48 hours at room temperature, then 
neutralized exactly with the equivalent amount of 0.1 Nn hydro- 
chloric acid. These solutions were evaporated to dryness under 
reduced pressure and the residues heated for 24 hours with 10 ce. 
of hydrochloric acid in sealed tubes immersed in a steam bath 
kept at 100°C. Amino and total nitrogen determinations were 
made. Rotations of the solutions containing the hydrolyzed 
material were made in 2 dm. tubes with light of wave-length 
5892 A. The specific rotation of the important amino acid in 
each solution was calculated and compared with the value found 
in the literature. All data are given in Table II. 

Experiment 5.—In an experiment similar to the foregoing, 
0.1715 gm. of glycyl-levo-leucine anhydride, No. 100, (0.001 mol) 
was allowed to stand with 10 ec. of 1.0 N sodium hydroxide (10 
equivalents). Hydrolysis was made with 10 cc. of hydrochloric 
acid. The results are given in Table II. 

Experiment 6.—0.245 gm. of glycyl-levo-leucine anhydride, No. 
100, was heated for 24 hours at 100°C. with 10 ce. of 20 per cent 
hydrochloric acid in the presence of 1 gm. of sodium chloride. 


The hydrolysis was complete. a; of the solution was +0.57° 
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(2 dm. tube) ; 1 ec. contained 0.00388 gm. of nitrogen. 
rotation of the leucine was 


313 


Hence, the 



























































0.57° X 100 . : . ‘ 
[a], = aH = + 15.7° (in 20 per cent hydrochloric acid). 
TABLE II. 
Experiment No........--..-.--- | 1 2 | 3 4 5 
| 
' Glycyl- | «)... Glyeyl- | Glyeyl- 
¢ ly ae dex sr0- S yey! 7 le ~< love 
Compound. ...........e-seeee valine, valine leucine, leucine leucine 
No. 91 “ON | No. 99. a ey 
Amount of substance | 
(0.0025 mol corrected | 
for moisture), gm.......| 0.4424 | 0.3955 | 0.4744 | 0.4308 | 0.1715 
0.6001 
mol.) 
Didi csdeuh chews cece | 25 ce. 25 ce. 25 ce. 25 ec. 10 ce. 
| O.1N 0.1N 0.1N 0.1N 1.0N 
| (1 (1 (1 (1 (10 
equiv- | equiv-| equiv-| equiv-| equiv- 
| alent.)| alent.)| alent.)| alent.)| alents.) 
Temperature, °C........ | 32 32 25-26 32 25 
Concentration of hydro- 
chloric acid used for 
hydrolysis, per cent....| 20 10 20 20 20 
Amino N | = 
——_———, per cent....... | 100 94.6 | 100 98.5 100 
Total N | 
a, (temperature indi- | +1.68° | +0.18° | +0.84° | +0.27° | +0.32° 
cated in parentheses). | (29°C.) | (82°C.) | (24°C.) | (29°C.) | (26°C.) 
Total N, gm. perce........ | 0.00662 | 0.00472 0.00539 | 0.00677 | 0.00273 
(al, of the important | +30.3°| +4.6° | +16.6° | +4.3° | +12.5° 
amino acid. | (29°C.) | (32°C.) | (24°C.) | (29°C.) | (26°C.) 





Valens recorded in liter- 


NIN oni cite sccxens 


20 per cent HCl 
[al = +28.8 

(+0.2°) 
(Fischer, E., Ber. 

chem. Ges., 1906, 
xxxix, 2325.) 





Levo-leucine in 20 per cent 


HCl 
[aly = +15.8° (+0.2°) 
(Fischer, E., and Warburg, 
O., Ber. chem. Ges., 1905, 
xxxviii, 4004.) 
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Since the rotation is the same as that found by Fischer (see Table 
II), no racemization takes place on hydrolysis with hydrochloric 


acid. 


II. Experiments on Glycyl-Levo-Leucine, Its Anhydride, and Active 
Dipeptides and Ketopiperazines with Tertiary Asymmetric 
Carbon in Presence of Pyridine. 


Experiments 7 to 14.—Alkali-water-pyridine solutions of these 
compounds were prepared; the rotations were determined on 
samples immediately and again after standing 24 and 48 hours at 
room temperature. The measurements were made at the tem- 
peratures indicated in 2 dm. tubes, with light of wave-length 
5892 A. All data are given in Table III. 

The solubility of the tertiary-ketopiperazines being very limited 
in the equivalent amount of 0.1 N alkali, it was found necessary to 
examine their behavior towards dilute alkali (and for comparison 
the dipeptides as well) in water-pyridine mixtures. The fact that 
pyridine does not modify, except perhaps in magnitude, the effect 
of dilute alkali on the active dipeptides and ketopiperazines already 
described, was indicated by the parallel sets of experiments per- 
formed on the leucine compounds. 

Experiment 15.—A solution of 0.2552 gm. of glycyl-levo-leucine 
anhydride, No. 100, (0.0015 mol) in 10.5 cc. of water, 1.5 cc. of 
pyridine, and 3 cc. of 0.5 N sodium hydroxide was neutralized with 
15 ce. of 0.1 N hydrochloric acid after standing 48 hours at room 
temperature. It was then evaporated to dryness under reduced 
pressure. In order to remove entirely the pyridine, the evapora- 
tion was repeated twice after addition each time of water. The 
residue was heated 24 hours with 10 cc. of 20 per cent hydrochloric 
acid in a sealed tube immersed in a steam bath at 100°C. The 
hydrolysis was complete. a of the solution was +0.13° 
(2 dm. tube); 1 ce. contained 0.00389 gm. of nitrogen. Hence, 
the rotation of the leucine was 


+ 0.13° X 100 
[a] = ——————_ = + 3.6° (in 20 per cent hydrochloric acid). 


2 X 1.821 


: Experiment 16.—Racemization of glycyl-levo-leucine anhydride, 
No. 100, in the alkali solution with higher concentration of pyridine 
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was complete. The rotation of the 20 per cent hydrochloric acid 
solution containing the totally hydrolyzed material was zero. 

Experiment 17.—A solution of glycyl-dextro-isovaline anhydride, 
identical to that used in Experiment 10 (see Table III) was neu- 
tralized with 25 cc. of 0.1 Nn hydrochloric acid after standing 48 
hours at room temperature. It was then evaporated to dryness 
under reduced pressure. In order to remove entirely the pyridine, 
the evaporation was repeated twice after addition each time of 
water. The residue was heated 24 hours with 10 cc. of 36 per cent 
hydrochloric acid. The hydrolysis was complete. a; of the 
solution was +0.48° (2 dm. tube); 1 ec. contained 0.0068 gm. 
of nitrogen. Hence, the rotation of the isovaline was 


[a], - Se = + 8.4° (in 36 per cent hydrochloric acid). 

An identical value was found when the anhydride (see under 
its preparation) was directly hydrolyzed with 36 per cent hydro- 
chloric acid. Therefore, no racemization takes place in dilute 
alkaline solution and consequently the change in rotation observed 
in Experiment 10 was strictly the result of a partial hydrolysis of 
the anhydride. 

Experiment 18.—A solution of glycyl-dextro-phenylmethyl- 
aminoacetic anhydride, identical to that used in Experiment 14 
(see Table III) was prepared. The procedure described for 
Experiment 17 was followed, but hydrolysis was made with 20 
per cent hydrochloric acid. However (see hydrolysis experiments 
under preparation of the anhydride), it was found to be complete 
only to the extent of 95.2 per cent. a>’ of this solution was 
+7.89° (2 dm. tube). 1 cc. contained 0.00661 gm. of nitrogen. 
Hence, the rotation of the phenylmethylaminoacetic acid was 


» +7.89° X 100 Bi its — 
[a], = “xia + 101.1° (in 20 per cent hydrochloric acid). 

When direct hydrolysis with 20 per cent hydrochloric acid was 
carried out on the anhydride, [a]* was found to be +102.5°, 
which is in close agreement with the above value. Therefore, it 
can be said that no racemization takes place under the influence 
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of dilute alkali and that the observed change in rotation in Experi- 
ment 14 was solely due to hydrolysis. 


TABLE IV. 





Experiment No.... 


15 16 


17 





18 

















. Glyeyl-dextro- 
| Glycyl-levo-leucine — phenylmethyl- 

Compound......... ‘a anhydride, No. 100. anhydride, | pa omen 

| No. 98. + _ 

Proportions of anhy- | Same as in | Same asin | Same asin | Same as in 
dride and of alkali- Experi- | Experi- Experi- Experi- 
water-pyridine mix- ment 8. ment 12. ment 10. ment 14. 
ture used. | 

[al of the important | +3.6° in| 0° in 20 | +8.4° in | +101.1° in 
amino acid after hy- 20per [percent 36 per 20 per 
drolysis with HCl. cent HCl. cent cent 

HCl. HCl. HCl. 

(Temperature indi- (24°C. ) (26°C. ) (32°C. ) 
cated in parenthe- 
ses.) 

[a|‘, of the important | +15.7° in 20 per cent | +8.5° in | +102.5° in 
amino acid after di- HCl. (27°C.) 36 per 20 per 
rect hydrolysis of cent cent 
the anhydride with | HCl. HCl. 
HCl (treatment with (28°C. ) (33°C. ) 


alkali omitted). 














III. Comparative Degree of Hydrolysis of Glycyl-Levo-Leucine 
Anhydride and Glycyl-Dextro-Isovaline Anhydride in 


Alkaline Solution. 


These solutions were allowed to stand at room temperature. 





Amino nitrogen was determined at certain time intervals by Van 
Slyke’s micro method. The amount of amino nitrogen and the 
ratio of this to the total nitrogen are given in Table V. The table 
includes the amount of substances taken and the total nitrogen 
amino N _ 
totalN 
respond to complete hydrolysis to dipeptide, if no amino acid 
formation is assumed. 


as calculated from this. A ratio of 0.5 would cor- 
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TABLE V. 
























































Glycyl-levo- Glycyl-dextro- Gl eyl-dextro- 
leucine anhydride. isovaline anhydride. isovaline anhydride, 
0.150 gm. with 10 cc. 0.150 gm. with 10 ce. 0.150 gm. with 10 ee, 
‘aie 0.1 n NaOH. 0.1 n NaOH. 1.0 n NaOH. 
Time. 
| Amino N | Amino N | Amino N | Amino N | Amino N Amino N 
ostetien. Total N° ostutien. Total N° solution. | Total N° 
hrs. | gm. gm. gm. 
| | 
1 | 0.00385 | 0.156 | Nil. 0.00245 | 0.091 
2 0.00530 | 0.214 | “ 0.00505 | 0.188 
4 | 0.00675 | 0.274 | 0.00721 | 0.268 
6 0.00877 0.355 0.00977 0.363 
8 0.00999 | 0.404 0.01198 | 0.446 
24 0.01273 | 0.516 | 0.00138 | 0.051 0.01635 | 0.608 
48 | 0.01358 | 0.554 | 0.00267! 0.099 | 0.01636 0.608 
Total N (cal- 
culated), gm. 0.02470 | 0.02690 0.02690 
IV. Amino Nitrogen Determinations on Amino Acids by Van 
Slyke’s Method. 
TABLE VI. 
Analysis 101 of anhydrous dl-isovaline. 
| per cent 
EET COLO EE OO Ee ee ee Eee eee | 431.96 
I ke als awn eee Gis ee man boe 11.14 
- = De hs el ea ee oad a ara cena kigeie orate 11.72 
Be Te AE a ccib cen Sh gcanneesbabewndaw bias .| 12.09 
Re a a AE a i re ati | 12.04 
TABLE VII. 
; | AminoN | Nby | Nealev- 
Substance. | after 3 min. Kjeldahl. lated. 
per cent per cent per cent 
dl-a-Aminoisobutyric acid.............. 9.92 10.36)13.55 | 13.59 
i aniicckstcxisaiwisucencves 9.33 9.91/11.92 | 11.96 
ED iniielicharateseninisiencunnl 15.87 15.87|15.95 | 15.73 
ES ee ee er eee 11.99 12.03/12.13 | 11.96 
oo uiga le hs aalena.d douie wha ne 10.24 10.57|10.65 | 16.68 
dl-Phenylmethylaminoacetic acid...... 8.53 8.63) 8.68 8.61 | 8.48 
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ASTUDY OF THE CHANGES OCCURRING IN THE BLOOD 
AND URINE OF PUPPIES DEPRIVED OF 
FOOD AND WATER. 


































091 ; 
188 By GEORGE W. PUCHER. 
po (From the Department of Biological Chemistry, University of Buffalo Medical 


School, and the Department of Laboratories, Buffalo General H 


446 . ; 
608 Hospital, Buffalo.) ; 
608 (Received for publication, September 23, 1927.) : 


This study pertains to the problem of so called inanition fever. 4 
It was undertaken, first, to ascertain whether inanition fever could 
be induced in new born puppies deprived of water and food, and 
Van secondly, to compare the changes in the blood chemistry of such { 





animals with the blood analyses in inanition fever of the human 

new-born, as reported by Sherman, Pucher, and Lohnes (1). fi 
_— Balear, Sansum, and Woodyatt (2) as well as Bacon, Novy, and i 
Eppler (3) have produced fever in dogs by means of severe diuresis. 


ent The latter investigators found that there was an increase of the i 
6 non-protein nitrogen of the blood during the dehydration. But 
4 


the methods used by them for producing fever were very drastic 
and cannot be said to simulate the condition for the production 
4 of fever in the human new-born, since there is no evidence that 
— infants have diuresis before the onset of this form of fever. Clini- 
cal observations seem to point to an insufficient fluid intake rather 
than to an excessive output as a cause of this condition. 


ee ees 


es 





= | 

ae EXPERIMENTAL. 

: . Two litters of puppies were studied, the one 24 to 36 hours after 

a birth, the other 6 weeks after birth. Blood samples from these , 
96 animals, before and during the fasting period, were obtained by q 
“68 heart puncture under very light ether anesthesia. The drawing 
48 of the blood required about 2 minutes, and at the end of 6 to 10 


minutes the animals had completely recovered. During this 
fasting period the animals received neither food nor water and 
319 
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were kept in separate cages maintained at 24-26°C. by means of 
an electric heater. Observations on weight and rectal tempera- 
ture were made at regular intervals (every 6 to 8 hours). These 
data were always obtained before the administration of any 
anesthetic. In the new-born series, samples of urine (5 to 8 cc.) 
could be readily procured by compression of the bladder. Since 
it was not feasible to collect 24 hour samples, the urine analyses 
are recorded on the percentage basis. 


Methods of Analysis. 


Standard methods of analysis were employed, the Folin and 
Wu filtrate for the determination of sugar, chlorides, and amino 
acids being used. Urea was determined on the whole blood, and 
oxygen by the method of Van Slyke. Water was estimated by 
collecting about 0.5 gm. of blood on fullers’ earth before the 
addition of oxalate, and drying to constant weight at 75°C. The 
analyses were performed immediately after the collection of the 
blood and urine. 


General Behavior of the Animals. 


At the onset of the fasting period the puppies were very active. 
After 24 hours fasting the animals became less active and generally 
remained in one corner of the cage. However, on stimulation by 
an unusual noise or by touch, normal activity was resumed for 
several hours. After about 36 hours the animals, in general, began 
to evince muscular weakness and could be made to move only 
with difficulty. Over longer periods, 60 hours or more, the muscu- 
lar weakness and drowsiness were more pronounced and very 
strong stimulation produced only very sluggish response. On 
the administration of food the animals again became active within 
4 to 12 hours, depending on the length of the time of fasting. 


Temperature and Weight Changes. 


In the human new-born there is generally a marked loss of 
weight and rise of temperature during the inanition period. In 
new born puppies, on the contrary, a progressive decline of body 
temperature accompanies the loss in weight during inanition de- 
pending upon the length of time of fasting. That fasting con- 
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tributes to this decrease of body temperature is shown by the fact 
that the temperature of the animals returns to normal on the 
administration of food. Thus two of the animals whose tempera- 
ture had dropped to 24.5°C. after 48 hours fasting regained a tem- 
perature of 31°C. after the ingestion of 5 cc. of milk. The tem- 
perature of those same animals fell again to 26° after a fast of 12 
hours. 
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Fig. 1. Influence of fasting on weight and temperature of new born 
puppies and 6 weeks old dogs. Curves I represent body weights; Curves II, 
body temperature for the same animals. In Curves III, the upper curve 
represents body weight on a scale one-eighth of the actual weights of the 
6 weeks old puppies; the lower curve represents body temperature of the 
same animals. 


The progressive decrease of temperature and loss of body weight 
with time of fasting is illustrated in Fig. 1. On the abscissa is 
plotted the fasting time in hours, while on the ordinate are recorded 
the weight and temperature. Curves I show the loss of weight, 
while Curves II represent the fall of body temperature of the 
individual animals studied. It will be observed that the slopes of 
Curves II are much steeper than for loss of weight (Curves I), 
and that the greatest fall in temperature occurred during the first 
25 to 30 hours of food and fluid deprivation. The greater lack of 
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temperature regulation as well as weight loss of the new born 
animal as compared with the 6 weeks old animal is illustrated in 
Curves III. These curves are a composite of four animals. The 
weight curve is on a scale of one-eighth of the actual average 
weights of the animals. 
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Fig. 2. Weight-temperature curves of breast-fed puppies. Curves | 
represent changes in weight; Curves II, body temperature for the same 
animals. 


The rectal temperature of the new born puppy (average, 35.9°C.) 
is lower than that of the adult animal (average 39°C.), and grad- 
ually increases if proper diet is maintained, up to about 6 to 8 
weeks when adult temperature is attained. Before this time small 
changes in the nutritional condition of the new-born, as illustrated 
in Fig. 2., cause relatively large fluctuations in body temperature. 
The temperatures and weights were taken at the same time of day 
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(between 1 and 2 p.m.) and the animals were breast-fed. Curves I 
represent the changes in weight, while Curves II show the tem- 
perature fluctuations for the same animals. 
Two other animals of this series were incompletely nursed by the 
mother from the 9th day. In those animals the average tempera- 
cog 


ture dropped from 36.6 to 31.5°C. in 72 hours with an average 
decrease in weight from 500 to 383 gm. 


Blood Chemistry of New Born Puppies. 


In Table I is presented the normal blood chemistry of six new 
born animals. The values for urea N, amino acid N, and water 


TABLE I. 
Blood Chemistry of. Puppies, Normal Period. 





Experi- Tem- 


—_ a eg Urea racy | Srear | Amino] w.4.. | Oxy- 
ment Sex. Age. pera- | Weight. N. NaCl Sugar. | aaiin Water. gon. 


No. | ture. | 


| on mg. per | mg. per | mg. per | mg. per _— pee 
Ars. C. | 9m. | '100ce. | 100cc. | 100cc. | 100 cc. | PE" e"t| Per cent 


207A | 9 24 | 35.0| 334]| 15.0} 530] 100 | 10.5 | 87.82) 20.30 
215A | 2 | 36 | 35.7) 390 | 25.9] 450 | 100 | 11.2 | 81.75) 22.41 
217A | g 36 | 36.5 | 327 | 24.1 | 450 | 125 10.0 | 82.29) 20.78 
2094 | # | 36 | 37.0| 365/17.3| 523| 113 | 11.1 | 82.50) 20.69 
2A | ¢@ 36 | 37.0 | 459 | 20.0 | 519 | 112 | 11.0 | 82.20) 20.40 
213A | oF 36 | 36.4) 462 | 22.1 | 440 | 115) 11.1 | 83 06) 21.11 
—— — a a — _ a | ~ 
Average........... 36.3} 389 | 20.7/ 485 | 110 | 10.8 | 83.27) 20.95 


Chlorides are determined on whole blood; water is calculated in per cent 
by weight ; oxygen in per cent by volume. 


are slightly higher than reported by Morgulis and Edwards (4) 
on adult animals. In Table II is presented the normal blood 
chemistry on 6 weeks old puppies. The values for urea N are 
lower than in the new-born, approaching very closely the figures of 
Morgulis and Edwards. The chlorides, amino acids, and water 
are higher than in the younger animals, while the oxygen has 
decreased to an appreciable extent. 

During fasting in the new-born, as shown by Table III, there is 
always an increase of urea nitrogen. This increase is the more 
pronounced the longer the time of fasting, and is much greater 
than in the experiments of Morgulis and Edwards. The blood 
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chlorides show a small but decided increase, in contrast to the data 
of Morgulis who found a slight decrease during fasting. The 


Blood Chemistry of Older Puppies, Normal Period. 


Eexperi- om 
ment No \ge 
wks. 
201 6 
202 6 
204 6 
205B 6 
t. 
a” | 8 
+s a. 


W7B | ¢ 


208C | 9 
215D | ¢ 
217D > 
209C | 
211C fot 
213D| @ 


\verage 


| mg. per 
| 100 ce. 100 ce. 


perature. 





| Tem 


| 


TABLE II. 





| Urea N.| NaCl 





| 
17.5 | 581 
16.0 | 581 
15.4 | 590 
15.9 | 592 


TABLE III. 


Blood Chemistry of Puppies, Fasting Period. 


ee a: | Se 
mg. per | mg. per | mg. per 


14.4 | 86.50 
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< a Ps 

a 2 ~ 

‘o Ps Ss 

4 =) Zz 
| mg. 

gm. | per mg. per 
100 cc 100 cc 


298 | 54.2} 539 | 57 
280 | 93.1 
307 | 77.3] 523 
267 /101.1| 556 
295 |108.0 
361 | 83.5) 539 
350 |129.1) 500 
308 | 92.3] 548 | 31.3 | 10.5 


Amino acids. 


Sugar. 


10.7 | 87.51 
614 


556 


No th 


| ow 4 
Amino Water Oxy- 


gen. 


per cent | per cent 


86.78 | 13.9 


15.3 | 88.40 | 13.0 


86.00 | 13.0 
13.50 


Oxygen. 


| Water. 


per cent} per cent 


20.69 

| 87.00] 20.27 
80.65) 23.61 
82.81} 20.09 
82.43) 20.52 

| 82.72) 20.52 
| 82.56) 21.35 


| 83.11) 21.13 


Chlorides are determined on whole blood; water is calculated in per 


cent by weight; oxygen in per cent by volume. 


Animal 209, corpuscles 35.0 per cent, CO, 36.9 per cent by volume. 
Animal 215, corpuscles 36.1 per cent, CO, 29.9 per cent by volume. Animal 


217, corpuscles 34.0 per cent, CO, 34.3 per cent by volume. 


librated at human alveolar air tension. 


Serum equi- 


amino acids showed no appreciable change during food and water 


deprivation. 


The effect of fasting on the blood sugar of these animals is par- 
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ticularly interesting. After a period of 29 hours there is a reduc- 
tion of almost 50 per cent in the blood sugar, while at the end of 
60 to 80 hours the values may fall to 25 mg. per 100 ee. of blood. 
This reduction in blood sugar is greater than has been observed 
for adult animals and is below the value necessary to produce 
convulsions in insulin-treated animals. Our animals did not go 
into convulsions but evinced pronounced muscular weakness, loss 
of activity, and proneness to excessive sleep. When glucose is 
administered by mouth or injected subcutaneously, no improve- 
ment in the general physical appearance of the animals is observed. 

None of the animals showed an appreciable concentration of the 
blood, judging from the negligible changes in the water or oxygen 
content. 


TABLE IV. 


Blood Chemistry of Older Puppies,* Fasting Period. 


| | 
Experi- | Time of | Temper-| w.; 7s _. : Amino , Oxy- 
ment No.| fasting. | ature Weight. | Urea : NaCl | Sugar. acids. Water. | gen 











ovr mg. per mq. per md. per | mg. per 


Ars. c gm. 100 ce. 100 cc. | 100cc. | 100 cc. | P& cent | per cent 
200 36 34.8| 793| 47.9} 588 | 114 | 13.6 | 84.68 | 14.70 
203 60 37.6 1182 44.4 587 51 13.8 | 86.96 | 13.56 
205 48 38.8 1885 18.3 620 82.1) 17.3 | 87.40 | 13.00 


206A | 72 38.1 1715 14.0 598 72.0) 17.8 | 86.92 | 12.50 
| 


* Age, 6 weeks. 


Table IV presents the composition of the blood of 6 weeks old 
dogs during fasting. In these experiments there is no consistent 
rise of urea N, two animals showing an increase and two animals 
showing no appreciable change from the normal values. The 
fall in blood sugar is not as great as in the new-born, indicating 
that the older animals have a greater glycogen reserve, or, per- 
haps, due to the diminished surface area and smaller fall of body 
temperature, a diminished utilization of carbohydrate occurs. 

The examination of the urine of the new-born before and after 
fasting (Table V) is very interesting, even though only percentage 
figures could be obtained. Quantitatively there is no marked 
difference in the urine between the normal and fasting periods. 
The volume seems to be only slightly decreased during fasting 
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and no albumin or other pathological constituents can be demon- 
strated. Microscopic examination during both periods is negative. 

During the fasting period there is an increased excretion of 
total nitrogen. This increase is, to a large extent, although not 
completely, accounted for by an increase in the urea nitrogen, 
The ammonia excretion during the fast is diminished by 79 per 
cent with no change in the amino acid fraction. 

The urea concentration factor (7.e. the ratio of per cent urea N 
in urine to per cent urea N in blood) is of particular interest. In 
the normal new-born the kidney is capable of concentrating urea 


TABLE V. 


Average of Urine Analyses of Puppies. 








Before fasting | Change from 


Substance. After fasting. | 








(normal). normal, 
mg. per 100 cc. | mg. per 100 ce. | per cent 
I iS coat al Sasi necae eS 794 895 | +12.88 
aid hie areas wis Sais aaa 1004 | 1147 |} -+14.25 
SS TE ROT RET 91 21.4 | —75.2 
IE Wn oo os vc cie  radiwe eee 27.4 29.1 +6.2 
per cent | per cent | 
NH; 
Res no ode aipcene apa ae 9.06 | 1.86 | —79.2 
Total N 
|. no | 7 0 | 1.3 
Total N 
Amine acid 6 2.72 > 54 
eee Kea _— — 
Concentration factor............... 36.5 | 9.43 —74.2 





to the extent of 36 times its concentration in the blood. In the 
fasted animals, on the other hand, the urea is concentrated only 
9.4 times. This, on the basis of McLean’s (5) data might indicate 
that the kidney of the fasted animal is functioning less efficiently 
than in the normal animal. However, careful pathological ex- 
amination of sections of the kidneys of normal new born and of 
fasted puppies showed no demonstrable changes in the latter 
cases. Perhaps the increased blood urea nitrogen of the new 
born fasted animals can be explained in the following way. Fig. | 
shows that there is a proportionately greater loss of weight and 
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fall in temperature in the new born than in the older dogs. 
Furthermore, the blood chemistry indicates that the carbohydrate 
reserve is more rapidly depleted in the new born than in the older 
animals. Now it can be safely assumed that there is an attempt, 
at least, to maintain a normal body temperature. This can only 
be carried out at the expense of body tissue catabolism with the 
consequent production of large amounts of nitrogenous catabolites. 
That an increased tissue metabolism does actually take place is 
proved by the increased total nitrogen excretion of the fasted 
animals. However, the kidney of the new born animal is smaller 
and not as fully developed (6) as in the older or adult animal. 
Consequently, the increased blood urea nitrogen and decreased 
concentration ability is perhaps due, not to an actual impairment 
of kidney function, but to the fact that the excess of nitrogenous 
waste products formed is beyond even the maximum elimination 
ability of the new-born’s kidney; 7.e., the phenomenon of blood 
nitrogen retention in the new-born is one of overproduction of 
waste products and not actual kidney damage. In the older 
animals there are a proportionately smaller loss of body weight, 
greater reserve carbohydrate, larger elimination surface in the 
kidney, and hence the accumulation of excess nitrogenous waste 
products in the blood is not a general occurrence. 

Finally, an incidental observation on the new born animals is 
worth recording. It was found on autopsy of fasted puppies 
(nine cases) that the gallbladders were greatiy distended with 
dark red, very viscid bile. Autopsies of normal puppies (four) 
showed a small gallbladder containing only a few drops of bile. 
In the fasted animal apparently bile production proceeds, but 
since there is no food or fluid ingested there is no occasion for its 
use and hence no stimulation for the discharge of the gallbladder 
contents. This perhaps partially explains the distended gall- 
bladders found in all of the fasted animals autopsied. 

The data recorded above prove that deprivation of food and 
fluid does not produce a fever in new born puppies and indicates 
that the phenomenon of inanition fever in the human new-born 
is to be explained on some other basis. Furthermore, the rise of 
the blood urea nitrogen in the human new-born is probably 
independent of the fever, since the puppies show a similar increase 
with a marked fall in body temperature. An analogous statement 
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applies to the chlorides, for the young puppies show a slight in- 
crease of chloride with a fall of temperature, while it is often 
claimed that in the human new-born the retention of chloride is the 
cause of the inanition fever. That no marked changes in the 
concentration of the blood could be demonstrated in the experi- 
mental animals either from the total solid determination or from 
the blood oxygen changes, leads one to believe that blood con- 
centration is not an important factor in the inanition fever of the 
human new-born. 


CONCLUSIONS. 


1. Data are presented on the chemical composition of the 
blood and urine of new born puppies before and after deprivation 
of water and food. 

2. The body temperature of new born puppies is lower than 
that of older and adult animals and tends to decrease very 
rapidly on the deprivation of food and water. 

3. The new born puppies showed a marked urea nitrogen 
retention after fasting. 6 weeks old animals show much less 
nitrogen retention under similar experimental conditions. 

4. The urea concentration factor of new born animals during 
fasting is much diminished with no demonstrable pathological 
changes in the kidneys. 

5. New born puppies show much greater hypoglycemia during 
fasting than older animals. The blood sugar may be as low as 
25 mg. per 100 ce. of blood. This hypoglycemia is not associated 
with convulsions. 

6. No appreciable changes in the oxygen or water content of 
the blood occurred during fasting. 

7. Inanition fever could not be induced in the new born puppies 
by fasting. 

8. These experiments indicate that the rise of urea nitrogen and 
chlorides in the blood of the human new-born during inanition 
fever may be due to some cause other than the rise of body 
temperature. 


I wish to thank Dr. Sherman and Dr. Lohnes for their assist- 
ance in the carrying out of this research. 
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THE COMPARATIVE REDUCTION VALUES OF CARBO- 
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Thomas and Dutcher (1), Greenwald, Samet, and Gross (2), 
Willaman and Davison (3), Rowe and Wiener (4), have pub-- 
lished data on the reduction value of mono- and polysaccharides 
by several commonly employed sugar methods. None of the 
above investigators has examined the behavior of carbohydrates 
toward potassium ferrocyanide, the principle of the Hagedorn- 





| Jensen method. In this paper are presented a comparison of the 
values obtained by this excellent method with those obtained by 
the picric acid and the Folin-Wu procedures. 


EXPERIMENTAL. 


The carbohydrates employed were glucose, fructose, galactose, 
xylose, arabinose, lactose, and maltose. Before use, all the 
samples were standardized by means of the polariscope and the 
final results calculated on the basis of these analyses. It was 
found that the specific rotation of the polysaccharides, recorded 
in the literature, varied by several degrees, the reason being that 
some authors’ results are calculated on the basis of the anhydrous 
sugar while other authors give values for the hydrated compounds. 
All of our data on the polysaccharides are calculated on the basis 
of the hydrated compound (C;:H2O-H20). 

Table I is a comparison of our reduction values with those of 
other investigators. 
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DISCUSSION. 


The Hagedorn-Jensen method gives more uniform results on 
all of the sugars studied than the colorimetric method. It will also 
be observed that in general the Folin-Wu method gives the lowest, 
while the picric acid method is high, and the Hagedorn-Jensen 
method is intermediate in its reduction values. 

Among the monosaccharides galactose (5) shows anomalous 
behavior. This sugar possesses a lower reduction value than 














TABLE I. 
: Hage- “4 Quisum- 
Picric acid method. Folin-Wu. dorn- | art. |,dine- 
Jensen.| *""*~ | Thomas, 
mann 
Carbohydrate 8s Q 
a t 
< z ~ ~ 3 
5 3 | ¢ 3 : S| z 6 | 5 | A : 
sisieie/2!38/8)2!1 83] 8 5 
Ps Sigi£tlsé& 2 sig cigs = 
— ~~ = e - _ | — = ~~ i a 
en wen — ee | | ee Uae pee | 
Glucose. .... 11.00 |1.00|1 .00|1 .00/1.00 1.00 '1.00|1.00) 1.00 | 1.00 | 1.00 
Fructose... .| 1.10*/0.96)/0.99}0.99)1.00 |1.125)0.91/0.90) 1.187; 0.90 | 0.91 
Galactose... . |(0.925|0.95/0. 85) (0. 883)0.748)0 750.77; 0.795) 0.80 
Arabinose. . |1.110)1 .02| '1.01/1.000/0. 866)0. 80] 0.919) 0.80 | 1.00 
Xylose. .. ...|1.057/1.09} }1.08}1.071 1028/0. 94 | 0.918) 0.80 | 1.00 
Lactose. .. ..|0.763/0.78/0.76 0.7500. 475)0.45/0.45| 0.655) 0.53 


cay 
Le) 


Maltose.....|0.743/0.82/0.82 0.770.0.411/0.40/0.40) 0.754) 0. 
* Average of 33 determinations on three different samples of levulose 
prepared from invert sugar, inulin, and by hydrolysis of Bureau of Stand- 








ards’ cane sugar. 


glucose by all the methods studied. This difference is most 
marked in the Folin-Wu procedure. 

Rowe has pointed out that there is a variation in the rate of 
reduction of the different sugars and hence the very low value of 
galactose with the Folin-Wu method might be due to the short 
heating period involved in this procedure. That this is not the 
case is shown from data obtained by comparing glucose and 
galactose boiled for different time intervals against a glucose 
standard heated exactly 6 minutes. These data show that 
the reduction value of both glucose and galactose increases slightly 
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on prolonged heating, but at no time does the galactose value 
coincide with that of glucose. It might also be conceived that 
the degree of alkalinity of the copper solution used to obtain 
maximum reduction for glucose is not the optimum value for 
galactose. Hence the observed differences in reduction values 
between the two carbohydrates. That this assumption is incor- 
rect is proved by the data plotted in Fig. 1. 

In these experiments the reduction values of glucose and 
galactose were tested out with copper solutions of varying al- 
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Fie. 1. 


kalinity, a uniform heating time (6 minutes) and the copper 
solution of Folin being used as a standard. 

As the alkalinity of the copper solution is decreased, it is found 
that the reduction value of galactose falls more rapidly than that 
of glucose, while an increase in alkalinity above that of the stand- 
ard copper solution does not alter the reduction values of either 
carbohydrate. In other words it seems that the optimum pH 
for complete reduction of glucose and galactose differs only 
slightly and that above the optimum alkalinity no increased 
reduction is obtained. Hence the anomalous behavior of galac- 
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tose toward Folin-Wu copper solution is not merely a phenomenon 
correlated with differences in reduction velocities or changes in 
pH but may actually be due to structural differences in the two 
sugars which apparently give rise to oxidation products of different 
reduction value toward copper. 

In comparing our values with those of other investigators sum- 
marized in Table I, it will be observed that there is a fair agree- 
ment in all cases but levulose. Our value for this carbohydrate is 
greater than for glucose, while previous workers have found it 
either less than or equal to glucose. In view of this discrepancy 
the value for levulose was very carefully investigated by using a 
number of different samples of levulose, prepared from inulin as 
well as from invert sugar. In no case could values be obtained 
other than those presented in our tables. 


TABLE I. 
Comparison of Fresh Glucose-Picric Acid with Old Picric Acid- 
Glucose Standards. 


Value of standard compared to 











aa, Value of standard when prepared. new glucose 
mos 
12 | 3 ce. = 0.600 mg. glucose. 3 cc. = 0.598 mg. glucose. 
18 3“ =0.600 “ ™ 3“ =0.595 “ " 


94 3 “ = 1 200 “ “ 3 ““ - 1 180 “ “ 








* Average of three separate analyses of each solution. 


Willaman and Davison (3) report a value of 1.00 for levulose by 
the Benedict-Osterberg method. This value was obtained not on 
levulose but was deduced from analyses of hydrolyzed sucrose 
solutions. These investigators report that invert sugar gives the 
same value as glucose, hence levulose and glucose must have the 
identical reducing powers. These data were very carefully 
checked up and it was found that invert sugar prepared by the 
hydrolysis of cane sugar gave values intermediate between those 
of pure glucose and pure levulose. 

Willaman and Davison (3) also report that solutions of pure 
glucose in picric acid increase in color value on standing. We 
have not been able to confirm this statement since three samples 
of glucose in saturated picric acid, 1 year, 18 months, and 2 years 
old, respectively, gave the same values as freshly prepared solu- 
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tions. The data of these experiments are summarized in Table 
II. From the above results it is concluded that glucose in satu- 
rated picric acid is stable for a period of at least 2 years. 


SUMMARY. 


1. The Hagedorn-Jensen, Benedict-Myers, and Folin-Wu 
methods on mono- and polysaccharides were compared. The 
Hagedorn-Jensen method gave the most consistent and duplicable 
results. 

2. Our values, except those for levulose, agree with data of 
previous investigators. 

3. Levulose has a higher reduction value than glucose. 

4. The difference in behavior of galactose and glucose toward 
Folin-Wu copper solution is not due to difference in velocity of 
reduction but to structural differences in the two sugars. 

5. Glucose-picric acid standards used in the picric acid methods 
for sugar determinations are stable for a period of at least 2 years. 


BIBLIOGRAPHY. 


1. Thomas, W., and Dutcher, R. A., J. Am. Chem. Soc., 1924, xlvi, 1662. 

2. Greenwald, I., Samet, J., and Gross, J., J. Biol. Chem., 1924-25, Ixii, 397. 

3. Willaman, J. J., and Davison, F. R., J. Agric. Research, 1924, xxviii, 
479. 

4. Rowe, A. W., and Wiener, B. S., J. Am. Chem. Soc., 1925, xlvii, 1698. 

5. Cori, C. F., Pucher, G. W., and Cori, G. T., Proc. Soc. Exp. Biol. and 
Med., 1923, xx, 523. 
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The criticisms of the methods for determining creatinine in blood have 
been very numerous. Since 1914, when the Jaffé reaction was applied by 
Folin (1) to the determination of this constituent in blood, many con- 
tributions have appeared which have established the values which one 
obtains by the various methods. Concerning the identity of the substance 
determined, however, there is difference of opinion. 

Hunter and Campbell (2) found that the chromogenic substance of 
plasma developed color with alkaline picrate at approximately the rate 
characteristic of true creatinine, while the chromogenic substance of 
corpuscles continued its color development much longer. From these 
findings, and from other indirect evidence, they concluded that the method 
cited gave approximately correct results when applied to plasma, but that 
whole blood determinations were much too high. 

Behre and Benedict (3) observed that the saturated picric acid filtrates 
of bloods containing up to 4 or 5 mg. of ‘‘creatinine’’ per 100 cc. of blood, 
developed practically as much color after shaking with kaolin as before. 
Creatinine added to blood, in amounts up to 4 mg. per 100 cc., was readily 
removed from such filtrates by kaolin. Hence they concluded that no 
appreciable amount of the color usually read and recorded as creatinine 
in such blood is due to that compound. The chromogenic substance or 
substances responsible were also found to be quite resistant to heating with 
alkali and to develop a considerable amount of color when sodium carbo- 
nate was used as alkali. Neither of these properties corresponds with 
those of creatinine. In retention blood considerable amounts of cre- 
atinine removable by kaolin and destructible by alkali were found. But 
since these properties were non-specific and an isolation experiment failed 
completely, the presence of creatinine was open to question even in this 
case. 

Myers (8) takes the view that while the chromogenic substance deter- 
mined may not be true creatinine, there may be some relationship between 
it and creatinine. 


In preliminary experiments with kaolin we found the evidence 
for the presence of creatinine in the filtrate prepared according to 
Myers (8) almost as discouraging as Behre and Benedict had 
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found it in the case of the Folin picric acid filtrate. Moreover, 
taking amounts of creatinine by mouth which increased the 
blood creatinine value to 10 and 12 mg. per 100 ce. of blood did 
not increase the quantity remaining in the filtrate after suitable 
treatment with kaolin, and further substantiated the independence 
of this fraction. 

We therefore turned our attention completely to direct methods 
of isolation, and as technique improved first isolated creatinine 
where we had expected it from indirect evidence, then isolated 
larger quantities than were predicted, and finally isolated it 
from sources where the indirect evidence had made us skeptical 
of its presence. The exact explanation of the discrepancies en- 
countered is not yet clear to us. However, we believe that pro- 
ceeding from both direct and indirect findings to an evaluation 
of present colorimetric procedures is the correct line of approach. 
When the sum in a nitrogen partition is greater than the total 
nitrogen found, it is unsafe to deduce that one of the fractions 
found could not have been there, or to consider another inter- 
changeable with it regardless of known properties. The solution 
of the present problem will be greatly delayed if it is compli- 
cated at the start by an assumed connection between the other 
chromogenic substances and creatinine, or by too great faith in 
the observed sum. 

Our first successful isolation experiments grew out of the ob- 
servation that when phosphotungstic acid is added to picric 
acid filtrates of human blood, or of fluids containing a similar 
amount of potassium, a precipitate forms which occupies a small 
volume after centrifuging and contains the bulk of the substance 
giving the Jaffé reaction. The precipitate is a potassium salt 
of a complex acid which forms when picric acid and phosphotung- 
stic acid are present in the same solution. Alcohol-ether mixture 
decomposes the potassium precipitate obtained, yielding po- 
tassium picrate and an alcohol-ether solution of phosphotungstic 
acid, the latter containing the creatinine which was adsorbed. 
On adding excess of picric acid to the solution and cooling, 
creatinine is removed in the precipitate which forms. Picrate 
and phosphotungstate are removed from this precipitate, and 
the resulting solution is evaporated. The residue contains ' 
creatinine and a small quantity of potassium acetate.. 
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Isolation Procedure. 


Picrophosphotungstic acid solution is prepared by shaking an 
aqueous solution of phosphotungstic acid' containing 10 gm. of 
the acid per 100 cc. of solution, with 3 to 4 gm. of pure powdered 
picric acid per 100 cc. After a few minutes of shaking, the solu- 
tion is filtered or allowed to sediment. 

The amounts given subsequently are amounts per liter of pure 
solutions elaborated. Application of the procedure to saturated 
picrie acid filtrates of blood is entirely a matter of adjusting the 
potassium content. In the case of a filtrate prepared from human 
blood at 1:5 dilution, addition of potassium chloride is omitted; 
to a similar filtrate prepared at 1:10 dilution, half the indicated 
amount is added. To filtrates from dog blood, 1:10 dilution, the 
entire amount is added. 

To 1 liter of saturated picric acid solution, containing 10 mg. 
of creatinine, are added 100 cc. of picrophosphotungstic acid 
solution and 10 ec. of 10 per cent potassium chloride solution. 
The additions are made rapidly, from graduates, after the solu- 
tion has been brought into rapid motion by stirring. After the 
mixture has stood for 10 to 15 minutes, the precipitate is centri- 
fuged and transferred from the larger cups to a 50 cc. tube with 
the mother liquor. After centrifuging, the supernatant liquid 
is decanted and the process repeated until all vessels have been 
washed and the precipitate is collected in one tube. 

To the precipitate are added 10 cc. of alcohol-ether mixture 
prepared from 1 volume of 95 per cent alcohol and 3 volumes of 
ether. The latter must be of reagent quality. The precipitate 
is loosened from the bottom of the tube with a strong stirring 
rod, and rubbed until it has changed completely to a loose mass 
of crystals. The solution becomes just warm to the hand. The 
mixture is centrifuged and the liquid decanted into another tube 
of equal size. The residue is washed twice by thorough stirring 
with 5 cc. portions of the alcohol-ether mixture, centrifuging, and 
decanting the liquid each time into the tube containing the 
first 10 ce. 


’ Merck’s c.p. phosphotungstic acid, also J. T. Baker’s P,O;-12WO; 
+ Aq., and P,O;-24WO; + Aq., were used. Most of the isolations were 
carried out with the last mentioned preparation. 
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To the combined alcohol-ether solutions 4 to 5 gm. of picrie 
acid are added, with stirring. The tube is then cooled in salt 
and ice for 1 hour. After centrifuging and decanting, one washes 
the precipitate twice in the same manner with two 10 cc. portions 
of the alcohol-ether mixture. The undissolved residue con- 
tains excess of picric acid, 85 to 90 per cent of the original cre- 
atinine, and almost exactly the quantity of potassium for sub- 
sequent precipitation of the creatinine as double picrate. 

The residue is shaken in the same tube with 10 cc. of N sulfuric 
acid and about 25 ce. of ether. The ether is siphoned off after 
centrifuging, and the process repeated until all of the picric acid 
has been removed. To the sulfuric acid solution are added 5 ce. 
of basic lead acetate solution prepared as directed by Hawk 
and Bergeim (4). After 15 minutes, the mixture is centrifuged. 
The supernatant liquid is filtered into a centrifuge tube. The 
precipitate is washed twice by thorough rubbing with small 
quantities of diluted basic lead acetate solution, and the wash- 
ings, after centrifuging, are decanted through the same filter. 
The combined filtrate and washings are freed of lead by hydrogen 
sulfide. Filtrate and washings from the lead sulfide are evapo- 
rated to dryness on the steam bath. The residue consists of 
creatinine and potassium acetate. Residues from isolations 
carried out on retention blood contain only 20 per cent more 
nitrogen than is required for the creatinine present. They are 
free of substances interfering with the precipitation of creatinine 
potassium picrate and contain an amount of potassium which 
is very favorable to the completeness of this precipitation. 


Observations on Solubility of Creatinine Potassium Picrate. 


Creatinine potassium picrate appeared to be the best deriva- 
tive by means of which creatinine might be separated from 
residues obtained in the above isolation procedure, and in pro- 
cedures to be described later, in which Lloyd’s reagent is used. 
Its separation is less affected by impurities than that of other 
derivatives. It is more than 5 times as heavy as the creatinine 
it contains. The corresponding rubidium compound is less 
soluble (5), but potassium is always present in residues obtained 
by either of the isolation procedures, and its removal as the 
chloride, by alcohol, is insufficiently complete to prevent pre- 
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cipitation of a mixture if rubidium potassium picrate is 
sought. 

Jaffé (6) found the solubility of creatinine potassium picrate 
in water to be 0.1806 gm. per 100 cc., corresponding to 33.4 
mg. of creatinine per 100 cc. Morris (7), in experiments on the 
isolation of the preformed and total creatinine of urine, reduced 
the solubility to about 5 mg. of creatinine per 100 cc. The bulk 
of the decrease is due to the saturation of the supernatant liquid 
with picric acid. It remained therefore to study the effect of 
varying potassium on the solubility of the double picrate in 
saturated picric acid. The procedures used were such as would 
be suitable for fairly rapid isolations and not those required for 
obtaining solubility data. 

TABLE I. 
Effect of Excess of Potassium on Solubility of Creatinine Potassium Picrate 
in 1.2 Per Cent Picric Acid Solution. 





} Potassium of 











| | 
| Potaasi art. Creatinine |p tocci ;,| double pic- 
Tube No.*| Creatinine. | hone | Picric acid. ey ve “precipitate. a 
} (theory). 
| mg. | mg. | mg. | mg. = 100 | mg. | mg. 
1 | 10 5 | 172 21.7 2.50 | 2.64 
2 | 10 | 6 | 172 15.5 2.87 2.88 
3 0 | 7 | 17 6.3 8.15 | 3.22 
4 10 | 8 | 172 3.0 3.35 3.35 
5 10 9 | 172 1.9 3.60 | 3.39 
6 10 | 0 | 47. 1.4 3.60 | 3.41 
7 10 2 | 172 | o6 | 3.85 | 3.44 
S 10 30 | 172 | 0.56 6.15 3.44 











} 


* The total volume of solution in each tube was 11 cc. 


10 cc. portions of an aqueous solution of creatinine containing 
1 mg. of creatinine per cc. were placed in a series of tubes. To 
these were added 1 ce. portions of potassium chloride solutions 
containing graded amounts of potassium from a quantity below 
that required to form the double picrate to one several times in 
excess. The amount of picric acid added was 12 mg. per cc. of 
solution, plus 4 mg. per mg. of creatinine. The tubes were 
heated until the contents dissolved, cooled under the tap to 
room temperature (20—25°), shaken when crystallization began, 
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and allowed to stand 15 minutes. The precipitates were centri- 
fuged thoroughly, and creatinine remaining dissolved was esti- 
mated by diluting a portion of the supernatant liquid with the 
requisite amount of saturated picric acid solution to make 10 
ec., and proceeding as in the blood determination (8). The 
remainder of the supernatant liquid was decanted, and the pre- 
cipitate washed once with 5 cc. of saturated picric acid. The pic- 
rate was then decomposed in the same tube, by shaking with 
hydrochloric acid and ether, siphoning off the ether after centri- 
fuging, and repeating until a colorless hydrochloric acid solution 
was obtained. This was evaporated, and potassium was deter- 
mined in an aliquot of the redissolved residue (9). 

In Table I are recorded the averages of three series of deter- 
minations. In the last column is found the theoretical potassium 
content of the amount of creatinine potassium picrate precipi- 
tated, calculated by deducting from 10 mg. of creatinine taken 
the amount which remained in 11 ec. of supernatant liquid, and 
disregarding the amount of double picrate redissolved by 5 ee. 
of cold saturated picric acid during the brief washing. The 
amount of creatinine in the supernatant liquid decreases steadily, 
but the product soon becomes contaminated with potassium 
picrate. The theoretical potassium content of precipitated 
double picrate is reached in Tube 4, and passed as the creatinine 
in the supernatant liquid falls below 3 mg. per 100 cc. 

It should be added that on recrystallizing pure creatinine 
potassium picrate from saturated picric acid one finds that the 
double picrate separates out rapidly until about 15 mg. of cre- 
atinine per 100 ce. are left in solution. Precipitation then con- 
tinues very slowly. 

In the separation of creatinine from residues, it was found most 
satisfactory to adjust the potassium content so that only about 
1 mg. of creatinine per 100 ec. of solution was lost, and to re- 
crystallize the product from saturated picric acid, potassium 
chloride being added again if the solubility rose above 5 mg. of 
creatinine per 100 cc. 


Isolation of Creatinine Potassium Picrate from Residues Obtained. 


Residues obtained at the end of the isolation procedures used 
are treated as follows: 
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The residue is transferred to a Pyrex test-tube with successive 
1 or 2 ce. portions of distilled water, totalling 1 cc. for each mg. 
of creatinine present. To the solution are added 12 mg. of 
picric acid per ec. of solution and 4 mg. for each mg. of creatinine 
present. The mixture is heated to solution, cooled under the 
tap, and shaken when crystallization begins. After standing at 
20° for 15 minutes, the precipitate is centrifuged. Creatinine in 
the supernatant liquid is determined by diluting 1 cc. of this with 
9 cc. of saturated picric acid and proceeding as in the blood 
determination (8). 

If more than 3 mg. of creatinine per 100 cc. remain dissolved, 
0.01 ec. of 10 per cent potassium chloride is added per ce. of solu- 
tion. The mixture is then allowed to stand until precipitation 
is complete; that is, until not more than 3 mg. of creatinine per 
100 ce. remain in solution. After centrifuging, the supernatant 
liquid is decanted, and the product recrystallized from a volume 
of saturated picric acid solution equal to that of the preceding 
liquid. If less than 3 mg. of creatinine per 100 cc. remain in the 
supernatant liquid, recrystallization is repeated from a fresh 
quantity of picric acid solution. If more than 5 mg. of creatinine 
per 100 cc. remain dissolved, potassium chloride is added again. 
The product is pure when it separates rapidly, in long pale 
yellow needles, and leaves between 3 and 5 mg. of creatinine per 
100 cc. in solution in the supernatant liquid. The latter is then 
decanted after centrifuging; the precipitate is washed once with 
5 ec. of alcohol, then with ether until free of picric acid. It is 
dried at 105°, shaken from the tube, and weighed. 

Solutions of residues obtained from retention blood by the 
procedure already described behave like pure solutions of cre- 
atinine. The first precipitation is complete in 20 minutes, and 
recrystallization is equally rapid. From residues obtained by the 
use of procedures in which Lloyd’s reagent is employed, the first 
precipitation is very slow, often requiring 3 to 4 days. The 
product always separates to the low solubility desired, but con- 
sists of very short orange-colored needles, and several recrystalli- 
zations from saturated picric acid with added potassium chloride 
are necessary before a rapidly crystallizing product is obtained. 
This is of course essential to adjustment of the solubility to 
such a point that the product should be pure and not con- 
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taminated by potassium picrate. Long needles, forming a light 
bulky mass, are also essential to efficient handling of the double 
picrate obtained. 


Analytical Procedures. 


Kaolin adsorption, frequently employed in the course of these 
studies, was carried out under entirely uniform conditions. 
The saturated picric acid solution or blood filtrate was diluted 
with saturated picric acid until it contained 1 mg. of creatinine 
per 100 ce. 15 ce. of this solution were placed in a 25 ce. test- 
tube and shaken with 2 gm. of kaolin for 10 minutes. After 
centrifuging, 10 cc. of the supernatant liquid and 10 ce. of the 
same picric acid solution untreated were made alkaline simultane- 
ously and compared with the usual standards (8) in 10 minutes. 
Any haze in the kaolin-treated filtrate was removed by centrifug- 
ing during the development of the color. Three grades of finely 
ground kaolin obtained from the same firm differed widely in 
adsorbing power, the one containing the most acid-extractable 
material being the best, and the most completely extracted one 
the poorest. However, when reextracted with hydrochloric 
acid and washed, the former lost none of its adsorbing power, 
while the latter became equally satisfactory. Possibly the 
reaction of the kaolin affects its adsorptive power. A solution of 
creatinine in saturated picric acid, after treatment with kaolin 
under the above conditions, should give a color reaction equal 
to that of a solution containing 0.07 to 0.08 mg. of creatinine in 
100 cc. of saturated picrie acid. 

The double picrates obtained were analyzed as follows: Small 
glass shells weighing 100 to 200 mg. were prepared by blowing 
thin bulbs on the end of ordinary glass tubing and cutting them 
off with the pointed flame of a blast lamp. On these shells 
approximately 10 mg. portions of double picrate were weighed 
to 0.1 mg. The picrate and shell were placed in a 100 cc. beaker 
and covered with 50 ce. of saturated picric acid solution. The 
solution obtained after heating was transferred to a 100 ce. 
graduated flask with saturated picric acid, cooled, and made up 
to volume with saturated picric acid. Various dilutions of this 
final solution were prepared, such as 6 cc. of the solution and 
4 cc. of saturated picric acid, or 5 ec. of each. All of these were 
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made alkaline and compared with 10 cc. of the strongest blood 
standard, containing 0.1 mg. of creatinine in 10 cc. Comparison 
was made by taking six readings each, at two different depths 
of the standard, for each of three different dilutions. 

Nitrogen analyses were made by applying micro methods to 
the procedure by which creatinine potassium picrate was originally 
analyzed (6). 40 mg. portions of the picrate were shaken in a 
small tube with 5 ec. of nN hydrochloric acid and successive portions 
of ether. The ether was siphoned off each time after centrifug- 
ing, and that which was dissolved in the colorless hydrochloric 
acid solution finally obtained was removed by warming. The 
solution was made up to 7 cc. in the same tube. 2 cc. portions 
were digested with 2 cc. of concentrated sulfuric acid, 0.2 gm. of 
potassium sulfate, and a trace of copper sulfate for } hour. After 
making the digest alkaline, nitrogen was determined by dis- 
tillation and titration, 0.02 nN acid and alkali being used. Creati- 
nine was also determined in 1 cc. of the hydrochloric acid solution. 
Thus the amount of nitrogen per mg. of creatinine was found. 


Isolation Experiments. 


Both experimental retention and retention occurring in nephri- 
tis were studied. In the production of retention in dogs, the 
operation of ligating both ureters was first employed, but was 
soon replaced by that of double nephrectomy. The animals with 
both ureters ligated were in much poorer condition, possibly 
because the effects of violent inflammation of two large organs 
were added to those of simple retention. Violent resistance 
against being anesthetized for bleeding and tolerance of the 
anesthetic were characteristic of all animals included in the 
records and indicated that the general condition, as well as that 
of the muscular system, was far from a terminal one. 

The animals were in all cases bled from the carotid or femoral 
artery. The blood was defibrinated, diluted with 9 volumes of 
water, and shaken with 1 gm. of picric acid per 10 cc. of blood. 
The filtrate was shaken with 1.5 gm. of picric acid per 100 cc. 
until a filtered portion, when titrated with sodium hydroxide to 
the phenolphthalein end-point, was found to be at least 0.054 Nn. 
The second filtration which follows requires little time, while 
direct saturation of such large volumes is wasteful of time and 
picric acid. 
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In Table II are recorded the data on the creatinine content of 
eleven specimens of blood and transudate from cases of experi- 
mental and nephritic retention. 

The colorimetric estimations were carried out according to the 
technique of Myers (8), by using a portion of the saturated 


TABLE II. 
Data on Creatinine Content of Blood and Transudate in Experimental and 
Nephritic Retention. 





Creatinine per 100 ec. blood 
or transudate. 
Material. 











Specimen : aac 
PhNo. | Deter | memoved | Welch |ieMreyreemeet taint tenon carga 
orimetric-|by kaolin. a double 
ally. picrate. 
mg. | mg. mg. 

1 13.3 | 6.5 4.43 460 cc. dog blood, 94 hrs. after ligation 

| of both ureters. 

2 20.0 | 14.0 7.85 | 360 cc. ascitic fluid from same animal. 
3 12.0 | 4.0 5.18 480 ec. dog blood, 50 hrs. after double 
nephrectomy. 

4 12.5 5.3 6.33 218 ce. dog blood, 66 hrs. after double 

| nephrectomy. 

5 11.5 5.2 5.55 686 ce. dog blood, 65 hrs. after double 

| nephrectomy. 

6 15.0 4.5 7.55 | 417 ec. dog blood, 70 hrs. after double 

. nephrectomy. Lloyd’s reagent 
used. 

7 8.1 | 5.5 5.7 370 cc. dog blood, 36 hrs. after double 
nephrectomy. Lloyd’s reagent 
used. 

8 15.4 2.9 6.66 | 180 cc. human _ blood, nephritic; 
autopsy 4 hrs. after death. 

9 14.5 4.5 7.30 | 380 cc. ascitic fluid from same case. 

10 | 14.7 6.1 7.35 | 474 ec. pleural transudate from same 


case. Lloyd’s reagent used. 
11 25.0 13.1 | 10.6 | 77 ec. human blood, nephritic; vene- 
puncture immediately after death. 








picric acid filtrate prepared at 1:10 dilution, diluted further with 
saturated picric acid if necessary. The filtrates were treated 
with kaolin according to the conditions previously outlined, and 
the creatinine value obtained after kaolin treatment was sub- 
tracted from that obtained in the preceding determination. The 
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results are given in the third column of Table II. The values 
recorded in the fourth column of Table II were found by dividing 
the weight of creatinine potassium picrate obtained in each case 
by the volume of blood or fluid from which it had been isolated, 
and multiplying by 0.1855 to convert to creatinine. Essentially 
the same figures were obtained by colorimetric estimation of 
creatinine in the residues preliminary to its precipitation as 
double picrate. The figures in this column include no correction 
for efficiency of the isolation procedures. 

In the case of Specimens 1 and 2, the isolation technique was 
less perfect than in the later experiments. In all the remaining 
ones except the last, it will be noted that the amount of creati- 
nine actually isolated, without corrections, exceeds the amount 
apparently removed by kaolin. It is of special interest that in 
Specimens 8, 9, and 10, which were blood, ascitic fluid, and pleural 
fluid from the same case, the creatinine content determined 
colorimetrically and by isolation was uniform for the three 
specimens, while the amounts found by difference after the use of 
kaolin varied widely and indicated much greater quantities in 
transudate than in blood from the same case. This anomaly has 
been frequently observed by the writers. That the concentra- 
tions of non-protein nitrogenous constituents including ‘‘creatinine”’ 
are very similar in blood and transudate from the same case has 
been known for some time. It seems simplest to reject kaolin 
as a useless device. But the alternative is that when the amount 
of creatinine is large, the presence of smaller amounts of other 
chromogenic substance in transudate than in blood makes little 
difference in the constancy of the observed sum. 

In order to determine the efficiency of isolation, creatinine in 
quantities similar to those isolated was added to similar volumes 
of normal blood. Three experiments placed the efficiency between 
70 and 72 per cent for the conditions in Specimens 3 to 10 inclu- 
sive. In Specimen 11 the volume was small and the efficiency 
probably lower. In the picrophosphotungstate isolation pro- 
cedure, the amount of chromogenic substance isolated from 
normal blood is only 0.09 mg. per 100 cc. in terms of creatinine, 
and in four experiments in which even 50 mg. of creatine per 
100 ce. of blood were added, only 0.07 mg. of additional creatinine 
per 100 ce. of blood was obtained. Hence both sources of error 
are negligible in the present experiments. 
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In Table III are recorded the colorimetric values obtained for 
the group of retention bloods before and after kaolin treatment of 
the filtrate and the corrected isolations. The amounts of creat- 
inine isolated from Specimens 3 to 10 inclusive (Table II) are 
divided by 0.71 to correct for the efficiency of the isolation 
procedures. 

We were unable to increase greatly the kaolin blank for incom- 
plete removal of creatinine by adding the known retained sub- 
stances and peptone to normal blood. There is an increase due 
to calculation, which amounts to 1.2 mg. per 100 cc., since the 
retention blood filtrates were treated with kaolin at 1:15 dilu- 


TABLE III. 
Data on Retention of Creatinine and Other Chromogenic Substance in Blood 
and Transudate. 





Creatinine per 100 cc. blood or transudate. 
Specimen No. —— — 
Before kaolin. After kaolin. | Corrected isolation. 





mg. mg. mg. 
3 | 12.0 8.0 7.3 
4 12.5 7.2 | 8.9 
5 11.5 6.3 7.8 
6 15.0 10.5 10.6 
7 | 8.1 2.6 | 8.0 
8 | 15.4 12.5 9.4 
9 14.5 10.0 10.3 
10 14.7 8.6 10.4 





tion. Apart from this it appears safe to assume that the values 
“after kaolin’ in Table III represent the retention of substances 
other than creatinine, and the values “before kaolin” the faulty 
sum of these and creatinine. This might be due to interference 
with full development of one or the other color before kaolin 
treatment, to poor summation of the developed colors, or both. 
Numerous experiments will be necessary to decide the point. 
Averaging the results after kaolin and subtracting a blank of 
1.2 mg., the result is 7.0 mg. per 100 cc. in terms of creatinine— 
a retention of these substances equal to 5 times the normal. 
The average corrected isolation of creatinine is 9.1 mg. per 100 
cc.—at least 10 times the normal. Hence we should expect 
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creatinine to be detected by difference as the proportion is 
altered in its favor during retention. Table III gives data for 
proving the original determination in retention blood 70 per cent 
correct or almost equally incorrect, depending upon one’s point 
of view. As the proportions are altered, large amounts of either 
substance may be overlooked in calculations by difference. 
Specimen 7 is the opposite of normal blood. The isolated 
creatinine accounts for the original color, yet a direct determina- 
tion after kaolin indicates additional chromogenic substance. 


TABLE IV. 
Analyses of Double Picrates Isolated. 











on of Nitrogen a tog of creati- Remarks and source of picrate. 
per cent | mg. 
18.55 0.372 | Theory. 
18.3 0.37 | Known sample. 
18.5 0.36 ” ” 
18.7 0.35 | “ “ 
18.4 0.35 a 
18.8 0.345 Specimen 1. 
18.1 0.375 ss 2. 
18.3 0.375 - 3. 
18.0 0.36 | “4, 
17.9 0.36 * -£ 
17.8 0.38 ‘ai 6. 
18.0 0.37 ai 8. 
18.1 0.36 - 9, 
18.2 0.37 ” 10. 








In Table IV the analyses of the double picrates obtained are 
recorded. The limitations of the methods are as follows: Reading 
against a standard set at 10 mm., an error of 0.1 mm. changes 
the value obtained for the creatinine content of the picrate 
from 18.55 to 18.37; an error of 0.1 mg. in weighing the 10 mg. 
sample taken produces the same alteration of the result. In 
the nitrogen analyses, 2 cc. of creatinine standard (2 mg.) regu- 
larly yielded 0.76 mg. of nitrogen, which minus a blank of 0.05 mg. 
equals 0.71 mg. of nitrogen. The theoretical value is 0.744 mg. 
of nitrogen. This small deviation from theory results in a 

















350 Blood Creatinine 


calculated nitrogen content of 35.5 per cent for creatinine, instead 
of 37.2 per cent. With less vigorous digestion procedures the 
deviation from theory is greater, and with Nesslerization as the 
final procedure it is intolerable, because of the well known forma- 
tion of amines. 

The remaining samples of picrate isolated from Specimens 3 to 
10 inclusive were combined into three lots and converted to 
creatinine zine chloride by the following procedure. 163 mg. 
samples (equivalent to 30 mg. of creatinine) were washed into 
50 ec. tubes with 20 ec. of water and 5 ce. of distilled 20 per cent 
hydrochloric acid. The mixture was heated to solution and 
cooled. Three extractions with 25 cc. portions of ether sufficed 
to remove the picric acid. The hydrochloric acid solution was 
evaporated to dryness, and the residue transferred to an 
18 X 150 mm. tube with small portions of hot absolute alcohol, 
the total volume being less than 23 cc. 2 ce. of a 2 per cent 
freshly prepared alcoholic solution of potassium acetate were 
added, and the contents of the tube were made up to 25 cc. with 
absolute alcohol. The potassium chloride was centrifuged out, 
and the liquid decanted completely into another tube. After 
addition of 5 drops (0.16 to 0.18 ec.) of 50 per cent zine chloride 
solution, the tubes were left in the refrigerator (8°) overnight. 
The liquid was decanted after centrifuging. A small portion of 
the crystals was examined microscopically and returned to the 
tube. The zinc chloride compound was then dissolved in 0.1 N 
hydrochloric acid, the solution made up to 50 cc., and the creat- 
inine content determined colorimetrically. From known potas- 
sium creatinine picrate one obtains 27.5 to 28 mg. of creatinine 
in the final solution. 

The creatinine zinc chloride from the double picrates isolated 
from blood was identical with that obtained from known creatinine 
potassium picrate, and the yields were also identical except in 
the lot representing Specimens 3, 4, and 5. In this case the 
yield was only 70 per cent, instead of 92 per cent. But the yield 
in the corresponding control with known creatinine potassium 
picrate was even less. The use of reagent ether had been neglec- 
ted. In shaking the creatinine solution with ether to remove 
picric acid, a substance was transferred from the ether to the 
water solution which was responsible for the destruction of 
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creatinine during the evaporation which followed. The ether 
became satisfactory for use after washing with bisulfite solution 
and then with water, until the potassium iodide test became 
negative. 

The presence of potassium in the double picrates isolated was 
also established, hence no doubt as to. the identity of the sub- 
stance isolated remained. Separation as a crystalline picrate 
and quantitative conversion of this to the zine chloride should 
have been sufficient identification and is recommended. It 
avoids the necessity of obtaining the double picrate free of potas- 
sium picrate, of removing it from the tube, of weighing, and of 
analyzing for non-picrate nitrogen. But since the presence of 
creatinine in retention blood had not been proved, more detailed 
analyses were considered advisable. 


Experiments on Normal Blood. 


In the preceding researches the procedure followed in using 
Lloyd’s reagent was that of shaking the acid filtrates with the 
adsorbent, centrifuging and collecting the latter in one tube, and 
releasing the adsorbed creatinine with lead hydroxide suspension. 
The supernatant liquid, decanted after centrifuging, was acidified 
with hydrochloric acid and evaporated on a steam bath. The 
residue thus obtained was extracted with absolute alcohol, and 
the residue from evaporation of the alcoholic extract was treated 
as previously outlined. The purity of residues obtained from 
retention blood by the picrophosphotungstate procedure has 
never been equalled in any sense, but that isolation procedure has 
an extremely low efficiency when applied to solutions containing 
2 mg. of creatinine per liter. Hence the use of Lloyd’s reagent in 
isolation experiments on normal blood became essential. 

Blood of cattle was collected at the slaughter house, defibrinated, 
and brought to the laboratory within an hour. 

1500 ce. of blood were laked with 6 liters of water and shaken 
with 225 gm. of pure picric acid. As soon as precipitation was 
complete, the mixture was poured on a large fluted filter sup- 
ported by gauze in a 12 inch funnel. 5 liters of filtrate were 
shaken continuously for 10 minutes with 15 gm. of Lloyd’s 
reagent. The adsorbent was removed by centrifuging the mixture 
in four 250 ce. conical cups, and was finally collected in one cup. 
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It was suspended in 200 cc. of water. After centrifuging for a 
very short time the turbid liquid was decanted and discarded. 

A stock solution of lead hydroxide was prepared as follows: 
To 2.5 liters of basic lead acetate solution (4) in a 6 liter flask 
were added 2.5 liters of 10 per cent sodium hydroxide solution. 
After sedimentation, the liquid was siphoned off and the pre- 
cipitate suspended in 5 liters of distilled water. This in turn 
was siphoned off after sedimentation, and the process repeated 
eight times, until the precipitate began to go into colloidal suspen- 
sion and would not sediment completely. After siphoning off the 
last washing, distilled water was added to a volume of 5 liters. 
The suspension was shaken thoroughly before using. 

The collected Lloyd’s reagent was stirred thoroughly with 200 
ec. of lead hydroxide suspension and centrifuged. The liquid 
was decanted through a filter. The precipitate was washed 
twice by suspending it the first time in 200 cc., the second time 
in 100 cc., of distilled water, centrifuging, and decanting the 
washings through the same filter. The combined filtrates were 
acidified with acetic acid and evaporated to dryness on the 
steam bath in a Pyrex dish. The residue was transferred to a 
50 ec. tube with portions of boiling water totalling 30 cc. After 
addition of 2 ec. of concentrated hydrochloric acid and cooling, 
picric acid was removed by shaking with successive portions of 
ether, the ether being siphoned off each time after centrifuging. 
The aqueous solution was evaporated in a 100 ec. Pyrex dish, 
and the residue extracted carefully with four successive 10 ce. 
portions of absolute alcohol, all extracts being decanted through 
one small filter into a 100 cc. Pyrex dish. The alcoholic extracts 
were evaporated to dryness. The residue was transferred to a 
centrifuge tube with 30 cc. of water, and 6 cc. of basic lead ace- 
tate solution were added. After 15 minutes the mixture was 
centrifuged, and the supernatant liquid filtered into a graduate 
and measured. A correction for loss, usually $$, was applied 
to the final result. The filtrate was freed of lead by hydrogen 
sulfide. Filtrate and washings from the lead sulfide were evapo- 
rated to dryness. The residue was transferred to a small tube 
with five successive 2 cc. portions of distilled water. 150 mg. of 
pure picric acid and 0.15 cc. of 10 per cent potassium chloride 
solution were added. After heating to solution and cooling, 4 
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slight emulsion formed. On centrifuging, a brown oily layer 
separated which remained in the tube as one decanted the clear 
liquid. The latter deposited its chromogenic substance in the 
course of 3 or 4 days, as a crystalline picrate, leaving about 3 mg. 
of ‘creatinine’ per 100 cc. in solution. 

In Table V are recorded the results of isolation experiments 
carried out on normal blood, with and without added creatine 
and creatinine. In each experiment the volume of filtrate used 


TABLE V. 
Data on Isolation of Creatinine from Normal Blood. 





| Apparent creatinine | oe 
| per 100 cc. of blood. |Creatinine 











imation | ed Remar 
Before | After blood. 
| kaolin. | kaolin. 
mg. | mg. mg. 

1 | 1.74 | 1.50 | 0.47 | Ox blood. 

2 | 1.83 | 1.50 0.58 | Same with 6.6 mg. creatine per 100 cc. 
added, and longer standing before 
precipitation. 

3 | 1.69 | 1.46 | 0.40 Ox blood. 

4 | 1.27 | 1.04 0.37 - - 

5 2.00 | 1.39 | 0.48 | “ 7 

6 | 2.10 | 1.39 0.73 | Same with 0.5 mg. creatinine per 100 
| | ec. added. 

7 | 1.56 | 1.40 0.45 | Ox blood. 

8 | 1.77 | 1.63 | 0.46 | Calf blood. 

9 | 1.97 1.63 | 0.58 | Same with 0.5 mg. creatinine per 100 
ec. added. 

10 1.76 | 1.62 | 0.47 | Same with 4 mg. creatine per 100 ce. 
| added, and longer standing before 

| precipitation. 





was 5 liters, representing 1 liter of blood, hence the amounts of 
creatinine dealt with were 10 times, and those of double picrate 
54 times, the amounts recorded in the fourth column of Table V. 
Isolations 1, 3, 4, 5, 7, and 8 show that blood from the indicated 
sources yields about 0.37 to 0.48 mg. of creatinine per 100 cc., 
the average being 0.44 mg. per 100 cc. In Isolation 6, 0.5 mg. of 
creatinine per 100 cc. was added to the blood used in Isolation 5. 
This increased the apparent creatinine only 0.1 mg. per 100 ce. 
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But 0.25 mg. per 100 ec. or 50 per cent of the added creatinine 
was isolated, indicating that practically all of it had reached the 
filtrate. From a pure solution containing 5 mg. of creatinine in 
5 liters the efficiency of isolation was 56 per cent. In Isolation 
9, however, the efficiency of recovery of added creatinine was only 
24 per cent. 

In Isolation 2, 6.6 mg. of creatine were added to the blood, 
which was then allowed to stand at least as long as the interval 
between the killing of the animal and the precipitation of the 
portion of the same blood used in Isolation 1. More than 
doubling the amount of creatine reacting, and doubling the 
time, resulted in an additional yield of 0.11 mg. of creatinine 
per 100 cc., or exactly one-fourth of the average isolation. In 
Isolation 10 the same effect was not observed when creatine 
was added to the blood used also in Isolations 8 and 9. Definite 
evidence of formation of creatinine in fresh blood was found, 
however, in experiments with added creatinine which are not 
included in the table. Control isolations were carried out on 
normal blood and were followed several hours later by isolations 
carried out on the same blood with 0.5 mg. of creatinine added 
per 100 ce. The recoveries of added creatinine were more 
efficient than those from pure solutions, due no doubt to the 
formation of creatinine. It was found essential to carry out the 
two isolations simultaneously, up to the point where creatinine 
is released from the Lloyd’s reagent, in order to determine the 
efficiency of the procedure. 

The combined alkaline solutions into which creatinine was 
released from Lloyd’s reagent contained only 0.4 to 0.5 mg. less 
“creatinine” than the residue obtained after acidification and 
evaporation of these solutions. Since the residues represented 
liter quantities of blood, this would amount to 0.04 to 0.05 mg. 
of ‘creatinine’ per 100 ec. of blood. Hence the possibility that 
the creatinine isolated might originate from a creatine derivative 
not excluded by controls with added creatine was eliminated. 

The blood specimens used in Isolations 1, 5, 7, and 8 gave 
creatinine values of 1.74, 2.00, 1.56, and 1.77 mg. per 100 cc., 
but the amounts isolated were practically identical in the four 
cases. In Isolation 4, the yield was lowest, though not as low 
as the determination might have led one to expect. Colorimetric 
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determinations were made by saturating a portion of the same 
filtrate from which the 5 liter quantity was taken for isolation 
at the time when the chromogenic material from the 5 liter lot 
was released from the Lloyd’s reagent. After removing excess 
of picric acid by filtration, the technique of Myers (8) was fol- 
lowed. All picric acid used throughout these studies, whether 
for determination or isolation experiments, was purified by 
recrystallization from benzene by a process similar to that 
described by Benedict (10), and was of satisfactory purity (11). 

To establish the identity of the substance isolated, the picrates 
from seven isolations were combined by adding 10 cc. of saturated 
picric acid solution to the first, heating to solution, decanting on 
the second, continuing the process, and following with washings 
of hot saturated picric acid. . The final solution of 25 cc. con- 
tained 28.0 mg. of creatinine. After five recrystallizations from 
25 ec. volumes of saturated picric acid with added potassium 
chloride, 22 mg. of creatinine remained. The product, which 
consisted of small brown crystals at first, and separated very 
slowly, improved with each recrystallization, and now consisted 
of long pale yellow needles, separating very rapidly. The 22 mg. 
of creatinine as double picrate were converted to the zinc chloride 
with an efficiency of 91 per cent. The solution of the zinc 
chloride contained 0.36 mg. of nitrogen per mg. of creatinine. 
The loss of 6 mg. of creatinine in recrystallization of the double 
picrate is greater than that observed for pure creatinine potassium 
picrate. Since the presence of substance other than creatinine 
was obvious, this loss was probably due to the effect of the other 
substances on the solubility of creatinine potassium picrate. The 
assumption that the chromogenic substance precipitated from 
the residues with picric acid and potassium was all creatinine 
appears to be justified. Colls (12) apparently isolated creatinine 
from blood previously, but the amount, 0.09 mg. per 100 cc., 
and conditions of isolation leave the origin of the creatinine 
which was obtained open to question. 


DISCUSSION. 


The chief point of interest in the foregoing studies has been 
their bearing upon the origin of the creatinine of urine. If 
creatinine is not present in normal blood and fails to accumulate 
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during retention, then the view that it is formed chiefly in the 
muscles or in blood and tissues generally is incorrect. 

That creatinine is present in large amounts in retention blood 
and in small quantities in normal blood of cattle is indicated in 
our isolation experiments. The amount of creatinine in the 
normal blood examined is difficult to establish. The average 
isolation is 0.44 mg. per 100 ce. Subtracting 0.11 mg. for con- 
version of creatine, and dividing the remainder by 0.36 to correct 
for the average efficiency of isolating such small quantities when 
added to blood, the result is 0.9 mg. of creatinine per 100 ce. 

We wish to emphasize again the importance of differentiating 
between the chromogenic substances of blood and not assuming 
an interrelationship to spare the methods. In the case of reten- 
tion blood we have shown that it is possible to isolate every 
amount of creatinine up to a complete accounting for the creat- 
inine value found in the usual way, and yet to find much addi- 
tional chromogenic substance in the filtrate after kaolin treat- 
ment. And in normal blood the color is practically accounted 
for by substances not removable by kaolin, yet very noteworthy 
amounts of creatinine are indicated by isolation. The general 
conclusion covering both cases is that as the proportion of either 
substance increases the other is apt to be overlooked. The possi- 
ble factors suggested are interference with full color development 
of one or both substances in the determination carried out before 
kaolin and poor summation of the developed colors. If addi- 
tion of 0.5 mg. of creatinine to normal blood yields only 20 to 40 
per cent of its color, how much of the quantity previously present 
was seen before the proportions were altered in favor of creatinine 
by the addition? A third factor is that as the absolute amounts 
of creatinine become smaller, a kaolin blank for incomplete 
removal becomes relatively more important. 

The retention of ‘creatinine’ not removable by kaolin and its 
virtual absence from urine suggest that these other products 
are not necessarily concerned with impairment or loss of renal 
function, and would lead one to suspect substances completely 
oxidized in the normal person or other decomposition products. 

The procedure suggested by Behre and Benedict for the deter- 
mination of creatine was used in a number of instances during 
the present studies, with rather unexpected results. Specimens 
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5 and 6, Table II, which were obtained from nephrectomized 
dogs, contained no creatine, and Specimen 8, from a human 
nephritic, contained 3 mg. of creatine per 100 cc. The corrected 
isolations in the three cases indicated the presence of 8 to 10 mg. 
of creatinine per 100 cc. What the equilibrium point of the two 
compounds in blood may be is not known. Edgar and Shiver 
(13) have determined the point of equilibrium in solutions of 
different acidity. The curve which they calculated indicates 
approximately equal quantities of the two compounds at neutral- 
ity. Such unusual ratios of creatinine to creatine as were en- 
countered above could scarcely be expected to arise from passage 
of creatine from the tissues to the blood and its conversion to 
creatinine in the blood, but obviously indicate that creatinine 
was formed in the tissues and excreted into the blood. 

Harding and Gaebler (14) have presented some data which 
support the view that creatine is a constant anabolic product, 
and that its excretion, when destruction of tissue as a source is 
excluded, indicates incomplete conversion to creatinine. Accu- 
mulation of a large amount of creatine in the blood after ablation 
of kidney function, as in an experiment reported by Behre and 
Benedict, might be due either to the destruction of tissue with 
release of creatine, or to retention of creatine which the animal 
would normally have excreted unchanged. The presence of 
creatine in normal blood and absence from the urine point to a 
threshold substance which is being conserved, rather than to a 
waste product. 

Benedict and Osterberg (15) suggest that transformation of 
creatine to creatinine in the body may involve a number of inter- 
mediate compounds. Fiske and Subbarow have recently pointed 
out that creatine in muscle is combined with phosphoric acid (16). 
The general problem of whether creatine and creatinine metab- 
olism are related or independent may therefore take a new 
course. Until recently the chief obstacle to the theory of a very 
immediate relationship has been the fate of ever larger quantities 
of ingested creatine. 

For further investigations which are required, a method for 
the determination of creatinine in blood is very desirable. Of the 
attempts which we have made, direct determinations by means 
of the adsorbents used for isolation have been the most encourag- 
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ing. The removal of creatinine by the first isolation procedure 
described can be accomplished on a very small scale quite as 
well as on a large one, and the precipitate obtained is soluble 
in alkaline picrate. Chromogenic substance other than creatinine 
is encountered, however, so that application of the method in 
which Lloyd’s reagent is used seems more hopeful, although it 
involves the additional procedure of releasing the adsorbed 
creatinine. Under the conditions we have employed, all the 
chromogenic substance removed by Lloyd’s reagent and released 
again was identified as creatinine, both in normal and retention 
blood. We wish to find whether the efficiency of this process 
can be improved without encountering other substances before 
proceeding to a method of determination of creatinine. 

The trichloroacetic acid filtrate offers the advantage of being 
suitable for study of both creatinine and creatine (3). For 
experiments on the large scale required for isolations from normal 
blood, the fact that it is far more expensive and that it is more 
highly acid than the picrie acid filtrate, led to the choice of the 
latter. The tungstic acid filtrate has the advantage of being 
slightly acid—so slightly that unless acid is added Lloyd's 
reagent neutralizes it, and creatinine at first adsorbed is released 
again. But rapid filtration and a very large yield of filtrate at 
1:5 dilution are indispensable merits of the other two precipitants. 

The conditions which must be observed in the use of Lloyd’s 
reagent, summarized from the present studies and those of others, 
are: adsorption of creatinine from a sufficiently acid filtrate; 
release of the creatinine from Lloyd’s reagent very soon after 
adsorption; use of a weak base in releasing creatinine, since the 
adsorbent has amphoteric properties, and purification of the 
residues from evaporation of the solutions obtained. In the 
procedure as outlined, the final residues from which creatinine 
is precipitated still contain iron, much aluminum, and twice the 
amount of nitrogen required for the creatinine present. Much 
patience must be taken with the first precipitation and recrystalli- 
zation of the double picrate of creatinine. 

The value of transudate in isolation studies deserves special 
mention. Transudate can often be precipitated with tungstic 
acid or other reagents without dilution, and is often obtainable 
during life or at autopsy in very large volumes. 
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SUMMARY. 


a 1. Procedures are outlined for the isolation of creatinine from 
soluble blood and transudate. -_ 
attains 2. C reatinine potassium picrate has a wide range of solubilities 
hod in under various conditions. Details are given for practically com- 
vugh it plete precipitation of creatinine in the form of this derivative. 
Lashed Methods for analysis of small quantities of creatinine potassium 
all the picrate and f or conversion to creatinine zinc chloride are recorded. 
ine: 3. Attention is directed to a complex acid formed by picric 
ention and phosphotungstic acids. . . 
process 4. C reatinine is present in large amounts in blood during 
halide experimental and nephritic retention and is also present in normal 
blood of cattle. 
_— 5. The chromogenic substances other than creatinine also 
For accumulate in the blood during retention. 
ial 6. The present direct determinations are not @ measure of 
pre any of the substances involved. Comparison of isolation data 
of the with results obtained by the use of kaolin, in normal and reten- 
being tion blood, shows that as absolute and relative amounts are 
lovd’s altered the presence of either creatinine or of other chromogenic 
aiid substance may even escape detection. 
rapes 7. The bearing of the findings on other problems in creatine 
manny and creatinine metabolism is discussed. 
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THE DETERMINATION OF CHOLESTEROL IN 
SMALL AMOUNTS OF BLOOD. 


By SCHMORL M. LING. 


(From the Chemical Laboratory, Department of Medicine, Peking Union 
Medical College, Peking, China.) 


(Received for publication, December 8, 1927.) 


The change in the cholesterol content of blood in nephrosis has 
recently been an interesting subject, especially its relation to the 
carbohydrate metabolism (1). For the determination of this 
constituent of blood the method of Myers and Wardell (2) has 
been used. In the course of parallel determinations of cholesterol 
and sugar in the blood of a number of patients during glucose 
tolerance tests, it was noticed that the cholesterol results showed 
much more inconstant fluctuations than did those of blood sugar 
by the method of Folin and Wu (3). 

On examination of the technique of Myers and Wardell for the 
determination of cholesterol we found that a loss of cholesterol may 
occur when the plaster of Paris used for absorption of the water of 
the blood, plasma, or serum, is transferred from the porcelain 
crucible to an extraction thimble and the chloroform from the 
extraction flask to a measuring vessel. After drying in the oven 
the small lumps of plaster of Paris are broken with a glass rod 
having a flat tip. During this process a small amount of dried 
plaster of Paris is lost no matter how agrefully it is done, hence a 
small and unmeasured amount of cholesterol is lost. In the trans- 
fer of the chloroform from the extraction flask to a measuring 
vessel, when only a small amount of fresh chloroform is used for 
rinsing a large extraction flask (150 ec.), there again must occur a 
small loss of cholesterol. 

We therefore endeavored to find some way to simplify these two 
steps so as to have no loss of cholesterol in any of the operations. 
A modified technique was thus developed which is much simpler 
and more accurate than the method of Myers and Wardell. The 
drying oven can be dispensed with. 
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Method. 


The extraction apparatus' used is represented in Fig. 1. It 
consists of a test-tube (25 &* 150 mm.), the lower end of which js 
drawn out to form a bulb of about 9.5 cc. capacity, with a 10 ee, 
calibration mark etched on the neck of the bulb. A glass coil 
condenser, from which a glass cup (20 X 30 mm.) is suspended by 
fine copper wire is inserted into the test-tube, as indicated in the 
drawing. 


Water inlet 7? Wat er outlet 














v 


10 cee ( 1 em. 
in diameter ) 


Fic. 1. Continuous extraction apparatus. Test-tube (25 X 150 mm. 
with a bulb, A, of about 9.5 ce. capacity at the lower end and a 10 ce. cali- 
bration mark on the neck of the bulb. 3B, a glass cup (20 X 30 mm.) used 
to hold the filter papers and suspended from the glass coil condenser by fine 
copper wire. C, a glass coil @@ndenser inserted through a cork stopper. 


Oxalated blood, plasma, or serum, (0.5 cc.) is pipetted onto two 
pieces of Whatman fat-free filter paper (7 cm. in diameter). 
The filter papers are hung on a clean copper wire over an electric 
hot plate to dry. When thoroughly dry, the papers are folded in 
such a way that they will drop into the glass cup (B). The cupis 
then hung on the condenser. About 8 cc. of pure dry chloroform 
are placed in the large tube, the condenser coil carrying the cup 


1This apparatus was made by the glass-blower of the Department of 
Physiology. 
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is inserted, and water inlet and outlet are attached. The bulb of 
the tube is then immersed in boiling water and extraction continued 
for 40 minutes from the time chloroform begins to drip from the 
condenser. The test-tube is then taken from the water bath and 
cooled under the tap. The glass coil condenser together with the 
cup is removed and chloroform is added exactly to the 10 cc. mark. 

In a similar test-tube or 10 ec. volumetric flask are placed 5 cc. 
of standard solution of cholesterol, containing 0.1 mg. of choles- 
terol per cc. (made by dissolving 50 mg. of pure cholesterol in 500 
ec. of pure dry chloroform). Chloroform is added exactly to the 
10 ec. mark. 

Pure acetic anhydride (2 ec.) and concentrated sulfuric acid 
(0.1 ec.) are added to each tube. Cork stoppers are inserted 
tightly and the contents mixed thoroughly by inversion. The 
tubes are left in a dark place for 15 minutes and then compared 
in the colorimeter. The standard described is found suitable for 
most purposes. In cases of high cholesterol content the unknown 
solution can be diluted by adding 5 ce. of chloroform and mixing 
or by repeating the determination with a higher standard. 


Calculation. 


When the standard solution is set at 20 and R is the reading of 

) 
the unknown, > x 0.5 X a3 =  - = mg. of cholesterol per 
100 ce. of blood, plasma, or serum. In case the unknown solution 


is diluted with 5 cc. of chloroform, the result is multiplied by 1.5. 


EXPERIMENTAL, 


In order to determine the time it takes to extract completely the 
cholesterol from the filter paper, three series of experiments were 
set up with the same amounts of blood. One sample of the blood 
was used for the first series and two other samples of the blood for 
the second and third series. The tubes were put in one water 
bath and at different intervals one after another was removed. 
After all three tubes were removed from the water bath the rest 
of the technique was carried out. The unknowns were compared 
in the colorimeter with a standard set at 20. In every instance 
a series of five readings was made and the average taken. After 
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read against it. 
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finishing the readings against the standard, the unknown extracted 
for the longest period was set as standard and the other two were 


It was found that all the readings of the second 


TABLE I. 


Rate of Cholesterol Extraction. 






































































Sample No. Time of extraction. | Readings. 

min, mm, 

I } 10 25.5 

20 22.5 

30 21.8 

II 30 21.0 

45 21.2 

60 21.0 

III 60 21.5 

75 21.4 

90 21.5 

TABLE II, 
Cholesterol Extraction of Blood and Plasma. 
° Sample. | Myers and Wardell. | Modified technique. Difference. 
mg. per 100 cc. mg. per 100 cc. mg. per 100 ce. 

Plasma. 192.0 200.3 +8.3 
” 72.7 83.9 +11.2 
- 109.0 115.0 +6.0 
” 114.0 120.0 +6.0 
Whole blood. 92.3 95.3 +3.0 
a ” 126.0 130.0 +4.0 
. . | 123.0 129.0 +6.0 
“ . | 192.0 200.0 +8.0 
- - 85.7 114.3 +28.6 
” ” 114.0 122.6 +8.6 
- ” 160.0 160.5 +0.5 
= - 114.0 141.0 +27.0 
a a | 120.0 128.2 +8.2 











and third series were practically the same. 
apparent that the extraction was complete in 30 minutes. For 
reassurance the time of 40 minutes was adopted in the procedures. 


From Table I it is 
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A series of parallel determinations of cholesterol in blood and 
plasma was carried out by the original technique of Myers and 
Wardell and by the modified technique. The results are given 
in Table II, with additional parallel determinations of a known 
amount of cholesterol in Table III. These results seem to indi- 
cate that the Myers and Wardell method gives low figures which 
are not constant, the difference being as high as 16 mg. and as low 
as 8 mg. per 100 cc. (Table III). The chloroform extract of filter 
papers used gave no color with the Liebermann-Burchard reaction 
even after continuous extraction for 2 hours. The high figures 
obtained for cholesterol in blood and plasma with the modified 
technique (Table II) were therefore not due to the cholesterol 


from other sources. 
TABLE III. 


Cholesterol Extraction, Standard Solutions Being Used. 











| Difference. 
a he i Re a nd Theoretical. Myers and Modified 
Wardell. technique. 
mg. per 100 cc. mg. per 100 cc. mg. per 100 cc. mg. per 100 cc. mg. per 100 cc. 
78.7 89.9 90.0 11.3 0.1 
139.8 149.5 150.0 10.2 0.5 
119.0 129.8 130.0 11.0 0.2 
120.5 130.0 130.0 9.5 0.0 
184.0 200.0 200.0 16.0 0.0 
192.0 200.0 200.0 8.0 0.0 

















In addition to greater accuracy and shortened period of choles- 
terol extraction, this method has a further advantage over that of 
Myers and Wardell in that there is a marked saving of chloroform 
and acetic anhydride. 


SUMMARY. 
A simple and accurate method for the determination of choles- 
terol in small amounts of blood is described. 
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The importance of physiologically balanced salt solutions in 
the physiology of a large variety of plants, lower animal organ- 
isms, and excised tissues seems to be well established. The 
injection of salt solutions into the circulation of higher animals 
frequently yields results which are suggestive of those obtained 
with lower organisms. It would therefore appear to be of con- 
siderable importance to determine whether variations in the intake 
of mineral salts are capable of disturbing the physiological balance 
among the mineral ions in the tissues to such an extent as to 
affect the normal functioning of the animal body. Although this 
question has often been raised as a result of theoretical con- 
siderations, the relatively small number of carefully controlled 
experiments which can be interpreted from the standpoint of 
antagonistic relationships in animal nutrition suggested the need 
of more definite information regarding this phase of nutrition. 


HISTORICAL. 


The theory of physiologically balanced salt solutions was announced by 
Loeb (1). The first important study in animal nutrition that may now be 
looked upon as involving ion antagonism appears to be that of Bunge 
(2, 3) who explained the craving of Herbivora for NaCl as due to the 
high potassium content ef herbivorous diets. 





* Published with the approval of the Director as Paper No. 725, Journal 
Series, Minnesota Agricultural Experiment Station. The data here pre- 
sented are from the thesis of J. R. Haag, entitled ‘The Antagonism of 
Mineral Ions in Animal Nutrition,’ submitted to the Faculty of the 
Graduate School of the University of Minnesota, May, 1926, in partial 
fulfilment of the requirements for the degree of Doctor of Philosophy. 
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MacCallum (4) cites what now appears to be a very interesting case 
of antagonism between calcium and barium. MacCallum credits Stover 
(1884) with having found that mice eating food containing barium carbonate 
alone died, while those eating food containing a mixture of calcium car- 
bonate and barium carbonate were unharmed. 

A number of more recent experiments indicates important biological 
relationships between calcium and magnesium. Malcolm (5) produced 
evidence indicating that the ingestion of magnesium salts (MgCl.) may 
hinder the deposition of calcium in young animals and cause a loss of 
calcium from the bodies of older animals. Mendel and Benedict (6-8 
found that the injection of calcium chloride into dogs was followed by an 
increased elimination of magnesium in the urine, while injections of mag- 
nesium sulfate increased the urinary output of calcium. Hart and Steen- 
bock (9), found that the intake of excessive quantities of magnesium salts 
caused an increased excretion of calcium in the urine of pigs. The excre- 
tion of calcium incident to the feeding of magnesium chloride or sulfate 
was inhibited by feeding potassium phosphate. Wheat bran (high in 
magnesium and phosphorus) did not increase the calcium excretion through 
the urine. In a later and more extensive paper Hart and Steenbock (10 
expressed themselves as believing that: ‘“The interrelations existing 
between mineral elements are important factors for consideration in 
studying the specific réle of a mineral element in animal nutrition.” 
McCollum and Davis (11) and Osborne and Mendel (12) have likewise 
recognized the significance of a physiological balance among the mineral 
elements entering into the diet. 

Meigs, Blatherwick, and Cary (13) found that: “The assimilation of 
phosphorus by pregnant cows, and probably that of calcium also, is favored 
by adding disodium phosphate to the grain and feéding the grain and 
hay of the ration on alternate days.’’ These findings suggest a relation 
between calcium and phosphorus assimilation, and the proportions in 
which they occur in the ration. Hart and Steenbock (14) have suggested 
that the Na:Ca ratio of the diet may influence the permeability of the 
intestinal membranes. 

Recently there has appeared a paper by Medes (15) containing, among 
other data, the retentions of Ca, Mg, and P by rats fed rations containing 
various levels of these elements. Since, however, the rations used were 
essentially free from vitamin D, it is difficult to interpret her results in 
terms of our own work. 

In commenting on their very extensive mineral metabolism studies, 
Forbes et al. (16) remark that: ‘‘The physiological antagonism of sodium 
and potassium, and of calcium and magnesium is not discernible in the 
metabolism of practical rations and the considerable variety of mineral 
supplements used in this investigation (including the three previous 
studies).”” In a more recent paper Forbes (17), however, states that: 
“The utilization of calcium and phosphorus compounds appears to be 
determined largely by the relative proportions in which they and mag- 
nesium are available in the ration. . . . . Magnesium is commonly 
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present in sufficient amounts in practical rations, and, in certain exten- 
sive regions may be present in the drinking water in such excess as to 
disturb calcium metabolism, and to be seriously injurious in relation to 
growth and reproduction.” 


Procedure. 


The experiments described in this paper deal primarily with 
the effect on rats of variations in the proportions of Ca, Mg, and 


TABLE I. 
Relative Variations* in Levels of Ca, Mg, and P. 





| 














Ration or lot Nos. | Ca levels. , Mg levels. P levels. 

1, 11, 21 Low.?t Low.t Low.§ 

2, 12, 22 4 High. || ” 

3, 13, 23 ss , ” High. 4 

4, 14, 24 “i Low. ” 

5, 15, 25 High.** " Low. 

6, 16, 26 High. High. 

7, 17, 27 - “a Low. 

8, 18, 28 Low. High. 

9, 19, 29 Low. High. Low (Mg as MgS0Q,). 
10, 20, 30 ” - a = = 3; 
Groups A and B...| As supplied by 3.79 per cent of McCollum’s Salt 

Mixture 185.tt 





*The variations in calcium, magnesium, and phosphorus levels were 
obtained as follows: Calcium was always added as c. p. CaCO;; magnesium 
was added as c. p. MgCO; except in Lots 9, 19, 29, 10, 20, and 30, where 
c. P. MgSO, was used; phosphorus was added as ‘85 per cent H;PQ,.’’ 

+ 0.48 per cent for Lots 1 to 20; 0.25 per cent for Lots 21 to 30. 

t 0.26 per cent for Lots 1 to 20; 0.07 per cent for Lots 21 to 30. 

§0.38 per cent for Lots 1 to 20; 0.18 per cent for Lots 21 to 30. 

0.80 per cent for Lots 1 to 20; 0.88 per cent for Lots 21 to 30. 

* 1.24 per cent for Lots 1 to 20; 1.08 per cent for Lots 21 to 30. 

** 2.31 per cent for Lots 1 to 20; 2.33 per cent for Lots 21 to 30. 

tt The levels were 0.34 per cent Ca, 0.14 per cent Mg, and 0.65 per 
cent P. 


P contained in rations intended to be reasonably adequate in 
other respects. The general plan consisted of feeding Ca, Mg, 
and P in various combinations of so called high and low levels. 
Variations of the Ca levels were obtained by the use of CaCO;; 
of the Mg levels by the use of MgCO;, except where the use of 
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TABLE II. 
Composition of Rations. 











Constituents of basal rations. | Bag 9 at | a 
| per cent | per cent | per cent 
RE RE ee 21.0 | 21.0 
- MII oo sc5 pikcdus ss cosacekweus 18.0 
re a ae a ON a Sn ae 14.0 14.0 | 14.0 
eM ose esecaateeeeencwn 1.8 2.0 | 
McCollum’s Salt Mixture 185.................. 3.79 





CaCO:;, MgCO;, MgSO,, and 85 per cent H;PO,. |Described below. 








NE os ie cen Seaee WAS wee eee ie 1.0 1.0 1.0 
Ether-extracted wheat embryo................. 6.0 | 6.0 
I Or III aiciitwncauavwesdaaness semen 100.0 | 100.0 | 100.0 





* “Miscellaneous salts’’ mixture fed Lots i to 20 contained 25 parts of 
NaCl, 10 of K.SO,, 50 of K2CO;, 5 of ferric citrate, and 0.05 of KI. The 
mixture fed to Lots 21 to 30 contained 25 parts of NaCl, 5 of K2S0O,, 65 of 
K.CO;, 5 of ferric citrate, and 0.05 of KI. 

CaCO; was added to Rations 1 to 20 at the rate of either 1.05 per cent or 
5.80 per cent of the basal rations; to Rations 21 to 30 at the rate of either 
0.60 per cent or 6.00 per cent. MgCO; was added to Rations 1 to 8 and 
11 to 18 at the rate of either 0.83 per cent or 3.30 per cent; to Rations 21 to 
28 at the rate of either 0.14 per cent or 3.40 per cent. MgSO, was added 
to Rations 9, 10, 19, 20, 29, and 30 at the rate of 5 per cent. 85 per cent 
H;PO, was added to Rations 1 to 20 at the rate of either 0.33 per cent or 
3.75 per cent; to Rations 21 to 30 at the rate of either 0.34 per cent or 3.44 
per cent of the basal rations. All additions were in the form of c. P. 
chemicals. 

The basal rations of Lots 11 to 20 were supplemented by giving daily 
to each animal 0.2 to 0.3 gm. of yeast pills, soaked in cod liver oil. (The 
rations of Lots 1 to 10 were not supplemented except as indicated in 
Chart I.) The basal rations of Lots 21 to 30 were supplemented by the 
daily feeding of yeast-germ pills, soaked in cod liver oil. For the first 4 
weeks 0.5 gm. pills, containing 3 parts of ether-extracted wheat germ and 
2 parts of yeast, were fed daily. From this point to the end of the 
experiment, the daily supplement was increased to 0.7 gm. of a mixture 
containing 4 parts of yeast and 3 parts of extracted wheat germ. (The 
animals used for the mineral balance periods on Lots 21 to 30 received 
approximately 0.7 gm. of the latter yeast-germ mixture throughout the 
entire experimental period.) The ration of Group B was supplemented by 
the daily feeding of approximately 0.2 gm. of yeast pills soaked in cod 
liver oil. 
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MgSO, is indicated; and of P levels by the use of 85 per cent 
H;PO,;. Magnesium sulfate was used in some instances because 
of its possible influence on Ca metabolism. 

Rations 1 to 10 and 11 to 20, respectively, were similar in all 
respects except that the rations fed to Lots 11 to 20 were supple- 
mented by an additional vitamin supply in the form of yeast 
and cod liver oil. Rations 2) to 30 differed from Rations 11 to 
20 largely in the numerical values of the low levels of Ca, Mg, 
and P and in their source of proteins, as described in Tables I 
and II. Ether-extracted wheat embryo was used in all cases 
where wheat embryo is referred to. Dried, starch-free yeast 
(Northwestern Yeast Company) was used in all cases where the 
use of yeast is mentioned. Patch’s standardized cod liver oil 
(for animal feeding) was used throughout. Groups A and B were 
supplied with mineral salts in the form of McCollum’s (18) Salt 
Mixture 185. 

All animals were kept on screens (3 mesh) throughout the en- 
tire experimental period. Animals in Lots 1 to 10 were kept and 
fed in groups of two to each cage. Lots 11 to 20 and Groups A 
and B were kept in individual cages. Animals in Lots 21 to 30 
(see Charts III and IV) were handled as follows: The first four 
animals in each lot were kept in individual cages; the last two 
animals in each lot were kept in one cage. The food intake of the 
animal (or animals) in each cage was usually recorded weekly. 

At certain intervals representative animals from each lot were 
placed in balance cages for 10 day periods and the Ca and P con- 
tents of the food and mixed excreta determined analytically. 70 
such balance periods are reported in this paper. It should be 
pointed out that since all animals were kept on screens throughout 
the entire experimental period, it is not likely that any appre- 
ciable disturbance was caused by placing the animals in balance 
cages. In fact, in most instances, the animals used in the balance 
experiments were kept in cages identical with those used during 
the balance periods. All balance experiments were conducted 
in circular cages resting on removable screen bottoms. The 
mixed excreta were collected for 10 day periods by placing these 
cages in heavily tinned pans 3 inches deep. The excreta were 
transferred to 2 liter Pyrex Erlenmeyer flasks by thoroughly 
washing the screens and pans with hot distilled water. The 
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combined washings were then placed on a steam bath and treated 
with HCI-HNO; until the mixture had disintegrated sufficiently 
to make possible its quantitative transference to evaporating 
dishes. After evaporation to dryness, the residue was carefully 
ignited at low temperatures. The ash obtained was digested 
with hot dilute HCl, filtered and made up to volume for analysis, 
The rations also were ashed at low temperatures and their ash 
treated in the manner just described. 

Calcium was determined by precipitation as the oxalate and 
titration with KMnQ,. The oxalate was precipitated (in the 
presence of NH,Cl) from solutions made red to methyl red with 
acetic acid. Phosphorus was precipitated as (NH,)3PO,4-12Mo0, 
and the yellow precipitate titrated by Pemberton’s alkalimetric 
method. 


EXPERIMENTAL DATA AND DISCUSSION. 


The 150 animals used in this study may conveniently be con- 
sidered in the following manner: Lots 1 to 10 (see Chart I and 
Table III); Groups A and B (see Chart II and Table IV); Lots 
11 to 20 (see Table V; growth curves omitted); Lots 21 to 30 
(see Charts III and IV and Table VI). 


Lots 1 to 10, Receiving Rations 1 to 10, Respectively. 


The general composition of the rations is shown in Tables I 
and II. The growth curves are given in Chart I. The poor 
growth obtained on Rations 1 to 10 was entirely unexpected. 
At the end of about 3 weeks it became evident that most of the 
animals were not going to make normal growth. After about 
6 to 8 weeks some of the animals in Lots 2 and 8 developed 
xerophthalmia. The early cessation of normal growth suggested 
a deficiency of vitamin B, while the appearance of xerophthalmia 
suggested a deficiency of vitamin:A. These rations contained 6 
per cent ether-extracted wheat embryo and 1 per cent cod liver 
oil, both of which products had appeared entirely satisfactory. 
Nevertheless, when the rations of certain animals (see Chart I) 
were supplemented by the daily feeding of approximately 0.2 
gm. of yeast pills soaked in cod liver oil, an almost immediate 
increase in the growth rate resulted. 

In spite of the unexpected inadequacy of the vitamin supple 
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ments, an examination of Chart I appears to warrant the state- 
ment that certain combinations of Ca, Mg, and P exerted a 





Growth curves for Lots 1 to 10, fed Rations 1 to 10, respec- 
The arrows indicate the point at which certain animals were 
given a daily supplement of yeast and cod liver oil. 


marked effect on the growth and general well being of certain 


lots of animals. An enlarged hemorrhagic condition of the 
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suprarenals was common in Lots 2, 3, and 8. Two animals in 
Lot 3 showed marked inflamation and distention of the bladder. 
The bladder of one of these animals contained 0.2 to 0.3 gm. of 
phosphatic calculi. 


Groups A and B, Receiving McCollum’s Salt Mixture. 


Two groups of animals were fed rations containing McCol- 
lum’s Salt Mixture 185. (See Chart II for growth curves and 
Table IV for Ca and P balance data.) Group A received 6 per 
cent ether-extracted wheat embryo and 1 per cent cod liver oil. 





Cuart II. Growth curves for Groups A and B, fed Rations A and B, 
containing McCollum’s Salt Mixture 185. 


Group B received an additional supplement in the form of ap- 
proximately 0.2 gm. of yeast pills soaked in cod liver oil. It 
should be noted that the respective vitamin supplies of Groups 
A and B are similar to those of Lots 1 to 10 and 11 to 20. The 
splendid growth of Groups A and B, together with the generally 
unsatisfactory behavior of Lots 1 to 10, suggests important vita- 
min-mineral interrelationships. 


Lots 11 to 20, Receiving Rations 11 to 20, Respectively. 


Rations 11 to 20 are identical with Rations 1 to 10, respectively, 
except for a higher vitamin intake as supplied by an extra approxi- 
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mately 0.2 gm. yeast pill, soaked in cod liver oil. The growth 
curves for Lots 11 to 20 have been omitted, since over a period 
of 14 to 15 weeks good growth was obtained regardless of the 
combinations of Ca, Mg, and P used. There did not appear to 
be any significant differences in growth among Lots 11 to 20. 
In general, the growth curves for Lots 11 to 20 were about like 
those for Group A, Chart II. It is true that Lots 11 to 20 did 
not make quite as good growth as Group B, a result to be expected 
on account of the salt mixtures used. These mixtures were 
not necessarily intended to produce normal growth but rather to 
show the presence or absence of differences which could be attrib- 
uted to the proportions of Ca, Mg, and P contained in the various 
rations. 

The simultaneous consideration of the growth and general 
well being of Lots 1 to 10, Groups A and B, and Lots 11 to 20 
furnishes additional evidence in favor of the belief that very im- 
portant and complex interrelationships exist between the intake 
of mineral salts and some of the vitamins or their carriers. First 
of all, it appears that the requirement of vitamins (or their 
carriers) for Rations 1 to 10 is in general greater than for similar 
rations containing McCollum’s Salt Mixture 185. Secondly, it 
appears that the various proportions of Ca, Mg, and P in Rations 
1 to 10 are highly significant but that they tend to lose this sig- 
nificance when considered in the light of an extra supply of yeast 
and cod liver oil, as was the case in Lots 11 to 20. These results, 
taken as a whole, led to a study of the effects of lowering the 
low levels of Ca, Mg, and P below those used in Rations 1 to 10 
and 11 to 20. It was with this idea in mind that Rations 21 to 30 
were planned. 


Lots 21 to 30, Receiving Rations 21 to 30, Respectively. 


Commercial dried egg white was used as a source of proteins. 
All rations contained 1 per cent cod liver oil. Each animal re- 
ceived daily approximately 0.5 to 0.7 gm. of a mixture of ether- 
extracted wheat embryo and dried yeast, in the form of pills 
soaked in cod liver oil (see footnote to Table II for details). 
Growth curves are given in Charts III andIV. Ca and P balance 
data are given in Table VI. 
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Cuart III. Growth curves for Lots 21 to 25, fed Rations 21 to 25, 
respectively. 
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Reference to Charts III and IV shows some very pronounced 
differences in growth attributable to variations in the proportions 
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Cuart IV. Growth curves for Lots 26 to 30, fed Rations 26 to 30, re- 
spectively. 


of mineral salts. The growth of animals in Lot 21 shows that 
the low levels of Ca, Mg, and P are high enough to produce fairly 
good growth in the absence of any serious disproportion between 
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the salts of these elements. The superiority of Lot 26 over Lot 
27, for example, indicates that the high total salt content of some 
of the rations is at least not the major factor in the production 
of poor growth in certain lots. 


Further Discussion of Results Obtained. 





The Rations and Their Significance.—In order that the effects 
of any salt mixture may be attributed to the proportions in 
which certain elements are present, it is necessary to know some- 
thing of the effects of the levels at which these elements are 
present. For example, the ill effects of a ration containing a 
mere trace of Ca and a large amount of Mg cannot with certainty 
be attributed to the low Ca: Mg ratio unless it can be demonstrated 
that these levels of Ca and Mg, in the absence of any serious 
disproportion, would produce a greater degree of well being. 

The general method of interpreting the results obtained is 
illustrated by the following example. Ration 27 (Chart IV) 
produced very poor growth. This failure to grow cannot be 
attributed to low P, as such, because Ration 21 (Chart ITI), con- 
taining the same amount of P, produced fairly good growth; nor 
can it be attributed entirely to high Ca and Mg because Ration 
26 (Chart IV), which contains equal amounts of Ca and Mg, 
produced much better growth than did Ration 27. The poor 


growth of Lot 27 may therefore, in part at least, be attributed to 
. . Ca+ Mg ‘ 
the high value of the ratio — It is to be noted that the 
validity of this conclusion is not dependent upon strictly normal 
behavior on Rations 21 and 26 but rather upon significant dif- 
ferences between the behavior on Ration 27 and Rations 21 
and 26. It is obvious that many comparisons, such as the 
above, can be made from the data presented in this paper. 
Growth and General Appearance of Animals.—If the unsatis- 
factory growth obtained in Lots 1 to 10 is considered only in the 
light of the behavior of Group A, then it appears that 6 per cent 
of wheat embryo and 1 per cent of cod liver oil furnished an ade- 
quate supply of vitamins. From this point of view the differences 
in growth on Rations 1 to 10 can be thought of as being due to 
variations in the CaCO;, MgCO; (or MgS0O,), and H;PO, con- 
tents of these rations. If, however, we take into account the 
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behavior of Lots 11 to 20, it is clear that the results obtained with 
Rations 1 to 10 are complicated by an inadequate supply of some 
factor or factors contributed by 0.2 gm. of yeast in cod liver oil. 
These results are nevertheless of considerable interest, for since 
the vitamin content of Rations 1 to 10 was the same in all cases, 
the differences in growth and general behavior can properly be 
attributed to the variations in the mineral salt content of these 
rations. While these differences in growth tend to disappear on 
Rations 11 to 20, it is not to be assumed that Rations 11 to 20 
are therefore capable of producing normal nutrition over pro- 
longed periods of time. 

As would be expected, Ration 1 (Chart I) produced considerable 
growth. This was likewise true for Ration 5 (Chart I). It is 
surprising, however, to find that Ration 8 (Chart I) not only pro- 
duced very poor growth but also produced several cases of 
xerophthalmia. The liberal supply of Ca and P in Ration 8 
seems to have been actually harmful. 

The relatively satisfactory behavior of Lots 9 and 10 
(Chart I), receiving 5 per cent MgSQO,, when compared with Lots 
2 and 3, is also of interest. Although the growth curves for 
Lots 2 and 9 are very much alike, Lot 9 appeared superior to Lot 
2 in other respects. 

The uniformly satisfactory behavior of Lots 11 to 20 as com- 
pared with Lots 1 to 10 may with reasonable certainty be attrib- 
uted to the extra daily supply of approximately 0.2 gm. of 
yeast in cod liver oil. In view of the behavior of Lots 1 to 10, 
receiving what under favorable circumstances (Group A, Chart 
II) might be considered a fairly adequate supply of vitamins, 
Rations 11 to 20 could probably be expected to produce signifi- 
cant differences in growth and functioning if fed over a sufficiently 
long period. This view is strengthened by a consideration of the 
balance data in Table V. 

It will be recalled that in the case of Rations 21 to 30 all of the 
yeast and ether-extracted wheat embryo was fed separately 
and that the low levels of Ca, Mg, and P were considerably 
lower than those for Rations 1 to 10 or 11 to 20, respectively. 
As anticipated, Rations 21 to 30 produced some very remarkable 
differences in the growth and general appearance of the respective 
lots to which these rations were fed. The comparatively good 
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growth of Lot 21 (Chart III) shows that this ration, while ad- 
mittedly not normal, contained enough of Ca and P to produce 
fair growth over a period of at least 3 months. These animals 
were quite normal in so far as their general appearance was con- 
cerned. The less satisfactory behavior of the animals in certain 
other groups may therefore be attributed to improper inter- 
relationships between the mineral salts consumed. The results 
from the feeding of Ration 26 (Chart IV) are such as to indicate 
that a high total salt intake cannot be regarded as the major 
cause of the poor growth and functioning obtained with other 
rations in this group. Indeed Ration 26 itself cannot be re- 
garded as being “‘balanced”’ in all respects; 7.e., it cannot be looked 
upon as being merely a ration with a large amount of a normal 
salt mixture. In the light of the work of McCollum and Davis 
(11), the high salt intake in the case of Ration 26 would not be 
expected to have appreciably depressed growth over a period of 
about 2 months. This view is also confirmed by the behavior of 
Lot 16. 

With the exception of Lot 29, all other lots in Charts III and 
IV show an inferiority in growth, as compared to Lot 21, which 
can for the most part be attributed to the ratios of Ca, Mg, and 
P salts to each other (and perhaps to the other salts in the ration). 
The relatively good growth on Ration 29 and the unsatisfactory 
behavior of Lot 28 are rather surprising. It is of interest to note 
that of the 60 animals used in Lots 21 to 30, only three at times 
refused the vitamin supplement and that these animals all re- 
ceived Ration 28 (high in Ca and P). Lot 8 also behaved in an 
unexpected manner. 

The effects on growth of a high intake of Mg under various con- 
ditions of Ca, P, and vitamin nutrition are of particular interest. 
Rations 1 and 5 produced better growth than Rations 2 and 7, 
respectively (see Chart I). High Mg therefore depressed growth 
on low P rations, regardless of the Ca level. Ration 3 was in- 
ferior to Ration 4, and Ration 6 was superior to Ration 8. High 
Mg therefore depressed growth on high P rations only when the 
Ca level was low. A similar comparison (see Charts III and IV) 
of the growth of Lots 21 and 22, 25 and 27, 23 and 24, and of Lots 
26 and 28, again leads to the conclusion that high Mg in the 
presence of low P, is harmful regardless of whether the Ca level 
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is high or low. Apparently, however, in view of the higher 
vitamin intake of Lots 21 to 30 (as compared with Lots 1 to 10), 
the effects of high Mg, in the presence of high P, do not seem to 
be conditioned by the Ca level. 

Another point of interest is the effect of high Mg when sup- 
plied as MgSO, instead of MgCO;. Lot 9 compared favorably 
with Lot 2 (see Chart I); Lot 10 was superior to Lot 3, and in 
fact no worse than Lot 4. Lot 29 (Chart IV) was superior to 
Lot 22 (Chart III); Lot 30 was no worse than Lot 23 and about 
like Lot 24. Although the MgSO, data on Lots 1 to 10, as com- 
pared with Lots 21 to 30, are not strictly comparable, it would 
appear that the harmful effects of a high MgSO, intake cannot be 
attributed to its being present as a sulfate. 

Phosphatic Calculi.—Upon autopsy four animals from Lots 3 
and 23 were found to contain bladder stones which gave very pro- 
nounced qualitative reactions for Mg and P. It is of interest to 
note that stones were found only in animals receiving rations 
low in CaCO; and high in MgCO; and H;PO,;. Osborne and 
Mendel (19) have reported phosphatic calculi in the bladders of 
rats kept on diets poor in vitamin A. 

Cathartic Action of Certain Mineral Salt Combinations.—As 
would be expected, Rations 2, 9, 12, 19, 22, and 29 produced 
marked catharsis. This action continued throughout the entire 
experimental period, varying somewhat for different individuals. 
It was quite unexpected, however, to find that high Mg rations 
did not produce marked catharsis when these rations contained 
high Ca or P or both. High Ca was more effective than high P 
in counteracting the cathartic action of high Mg. Since 1 per 
cent solutions of MgSO,, containing an approximately equivalent 
amount of H;PO,, when adjusted to a pH of about 6.0, do not form 
@ precipitate within 1 hour, even when inoculated, it would 
appear questionable whether the action of high P can safely be 
attributed to the precipitation of Mg;(PO,)2. It certainly is 
difficult to imagine the action of high Ca as being due to the pre- 
cipitation of Mg. It would appear that for the present these 
observations must be dealt with by describing them as “antago- 
nistic”” phenomena. 

Mineral Balance Data.—The Ca and P balances on Groups A 
and B will be discussed first because they appear to furnish an 
index of the reliability of such studies. 
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TABLE III. 
10 Day Balance Periods of Lots 1 to 10. 
All weights in gm. per 10 days. 








Lot No.| Bt | perioag.|. Food antes Ca Ca re- P P re- baad 
en, ‘lintake. live intake. | tained. | intake. | tained. | tained 
weights. | 

gm. gm. gm. gm. gm. gm. 


1 203 I* | 73.4 | 103-108 | 0.3479) 0.1807) 0.2540) 0.1040) 1.74 
1 203 | II} | 74.6 | 120-131 | 0.3536) 0.1880) 0.2581] 0.1020) 1.84 


.2716| 0.0762) 1.77 
. 2228] 0.0374| 2.44 


78.5 | 91-93 | 0.3627| 0.1347 
2 | 205| ID | 64.4] 94 94 | 0.2975] 0.0904 


oo 


3 209 1 | 62.6 | 84 87 | 0.2986) 0.1412) 0.7161) 0.0619} 2.28 | 
3 209 | II | 48.9] 87— 82 | 0.2333) 0.0774) 0.5594) 0.0002 


4 213 I | 82.4 |} 98-105 | 0.4128) 0.2142) 1.0457) 0.2357] 0.91 
4 213 | Il | 66.4 | 112-108 | 0.3327) 0.0568) 0.8426) 0.1118) 0.51 





5 217 I | 78.0 | 77-93 | 1.7417] 0.3107) 0.2769 a 2.7 
5 217 | II | 88.0 | 111-118 | 1.9650) 0.1755) 0.3124| 0.0776) 2.26 
6 221 88.4 | 92-109 | 2.0420) 0.2378) 1.0502) 0.1169) 2.03 
6 221 II | 66.6 | 93-103 | 1.5385) 0.2370) 0.7912) 0.1074) 2.21 
7 227 64.5 | 69- 79 | 1.5306) 0.1732) 0.2290) 0.0714) 2.42 
7 227 | II | 59.6 | 87-91 | 1.4143) 0.0975) 0.2116} 0.0392) 2.49 
8 230 I | 66.3 | 68- 87 | 1.5501) 0.1791] 0.8162) 0.0747) 2.40 
8 230} Il | 57.5 | 89 91 | 1.3444) 0.1160) 0.7078} 0.0339) 3.42 
9 233 I | 66.7 | 87— 95 | 0.3315) 0.2175) 0.2508) 0.1351) 1.69 
9 233 | II | 61.2 | 107-107 | 0.3042) 0.1674) 0.2301) 0.0933) 1.79 





10 239 77.6 | 88-100 | 0.3934) 0.2006) 0.9731/ 0.1950) 1.03 
10 239 | II | 76.2 | 101-107 | 0.3863] 0.1597) 0.9555) 0.1751) 0.91 





























* Animals placed on balance after having been on experimental ration 
for 16 days. 

+ Animals in Lots 3, 6, 8, 9, and 10 placed on balance after having been 
on experimental rations for 33 days; those in Lots 1, 2, 4, 5, and 7 after 
39 days. 
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Reference to Table IV shows a surprisingly close relationship 
between the intake and retention of Ca. In general, about 70 
to 80 per cent of the Ca consumed was retained, regardless of the 
amount consumed. It would appear that the Ca content (0.342 
per cent Ca) of these rations has not yet reached the point where 
maximum retention takes place. Since the efficiency of reten- 
tion is quite high and since it is similar for Groups A and B, the 
above Ca level must be regarded as being less than optimum, a 


TABLE IV, 
10 Day Balance Period of Groups A and B, Receiving 3.79 Per Cent of 
McCollum’s Salt Mixture 186. 

All weights in gm. per 10 days. Animals in Group B received, in addi- 
tion to the regular ration, 2.68 gm. of yeast pills (soaked in cod liver oil), 
containing 0.0038 gm. of Ca and 0.0277 gm. of P. ‘Food intakes” are 
exclusive of extra yeast fed. Basal rations contained 0.342 per cent Ca 
and 0.648 per cent P. Animals placed on balance after having been on 
experimental rations for 21 days. 




















Initial 
Group. | Rat No. ie. = mm entiiied. tae a anes 
weights. 
gm. gm. gm. gm. gm. gm. 

A |240M.) 99.6 | 123-155] 0.3406 | 0.2578 | 0.6454 | 0.2298 1.12 
“| 241 “ | 104.9 | 135-165) 0.3588 | 0.2913 | 0.6798 | 0.2498 | 1.17 
“ | 242 F.| 83.9 | 102-121) 0.2869 | 0.1912 | 0.5437 | 0.1611 1.19 
“« | 243 “| 83.9 | 106-122) 0.2869 | 0.2073 | 0.5437 | 0.1618 1.28 
«| 244 “ | 90.4 | 121-137] 0.3091 | 0.2230 | 0.5858 | 0.1747 1.28 
B_ | 245 M.| 105.0 | 142-176} 0.3629 | 0.2817 | 0.7081 | 0.2408 i 
“| 246 “ | 110.0 | 153-184] 0.3800 | 0.3146 | 0.7405 | 0.2510 | 1.25 
“| 247 F.| 92.0 | 110-137] 0.3184 | 0.2352 | 0.6239 | 0.1848 | 1.27 
“| 248 “ | 105.0 | 129-155} 0.3629 | 0.2898 | 0.7081 | 0.2065 | 1.40 
“ | 249 “ | 105.0 | 128-152} 0.3629 | 0.2902 | 0.7081 | 0.2341 1.24 

















conclusion in harmony with the generally accepted ideas as to 
what constitutes an optimum Ca intake. 

The results for P appear somewhat more variable than those 
for Ca. At first sight, the data in Table IV appear to segregate 
themselves in such a way as to indicate that the point of maximum 
P retention has been approached by Group B. When, however, 
the P intakes are considered on the basis of body weights, the 
values for Group B are found to be comparable to those of Group A. 
It is also found that both Groups A and B retained about the 








TABLE V. 
10 Day Balance Periods of Lots 11 to 20. 


All weights in gm. per 10 days. 
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Initial Ca:P 
Lot Rat Period. _Food | and final | | Ca Care-| P P re- oy 
No. No. intake. live intake. | tained. | intake. | tained. telned 
weights. ‘ ; 
—-_ gm. gm. gm. gm, gm. gm. i. 
11 250 I* | 129.8) 207-243 | 0.5933) 0.3475) 0.4732) ©.2272| 1.53 
11 250 II} | 110.7| 281-287 | 0.5202) 0.2119] 0.4138] 0.1059) 2.00 
12 | 254 I 107.4} 173-199 | 0.4914) 0.1551] 0.3958) 0.1909) 0.81 
12 | 254] II 114.5) 228-239 | 0.5448) 0.1663) 0.4256} 0.0808) 2.02 
13 | 258 I 111.0} 166-199 | 0.5044) 0.2576) 1.3648) 0.2127) 1.21 
13 | 258 II 115.0} 241-247 | 0.5702) 0.1581] 1.3922/—0.0019 
14 | 262 I 119.6} 189-225 | 0.5684) 0.3190] 1.5172) 0.2523) 1.26 
14 | 262] II 129.7} 271-287 | 0.6219) 0.2038) 1.6070} 0.2987) 0.68 
15 | 267 I 109.9} 154-184 | 2.4227) 0.3789] 0.4032) 0.1918) 1.98 
15 | 267] II 112.5) 216-237 | 2.5795) 0.4068) 0.4188] 0.1418) 2.87 
16 | 271 I 73.7| 131-141 | 1.7037] 0.1996} 0.9482} 0.1357) 1.47 
16 | 270 II 99.3} 170-179 | 2.2702) 0.1088) 1.1653/—0.0134 
17 275 I 91.2} 131-157 | 2.0511] 0.3224) 0.3416} 0.1405) 2.29 
17 | 275| II 97.0} 185-202 | 2.2274) 0.2135) 0.3632} 0.1009) 2.12 
18 | 278 I 109.4) 142-166 | 2.5112) 0.3200} 1.3904) 0.2005) 1.60 
18 | 278 II 109.4) 186-199 | 2.4888) 0.2228) 1.3535) 0.1166) 1.91 
19 282 I 120.0} 169-199 | 0.5451| 0.2966) 0.4434) 0.2146) 1.38 
19 282 II 130.0) 221-249 | 0.6116) 0.2406) 0.5043) 0.1477) 2.10 
26 | 287 I 120.0) 167-195 | 0.5415) 0.2518) 1.4646} 0.4496) 0.56 
20 | 287 II 110.0} 223-235 | 0.5136] 0.1803) 1.3585) 0.3910) 0.46 














0.0306 gm. of P. 


0.0363 gm. of P. 


* All animals received, 
yeast (as pills soaked in cod liver oil), containing 0.0027 gm. of Ca and 
“Food intakes’’ are exclusive of extra yeast fed. 
mals in Lots 11 to 17 were placed on balance after having been on experi- 
mental rations for 28 days; those in Lots 18 to 20 after 21 days. 

t+ All animals received, in addition to the regular ration, 2.49 gm. of 
yeast (as pills soaked in cod liver oil), containing 0.0032 gm. of Ca and 
‘Food intakes’’ are exclusive of extra yeast fed. 
mals in Lots 11 to 17 were placed on balance after having been on experi- 
mental rations for 52 days; those in Lots 18 to 20 after 45 days. 
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TABLE VI. 
10 Day Balance Periods of Lots 21 to 30.* 
Female rats were used exclusively in Period I and male rats from the 
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All weights in gm. per 10 days. 






































Initial Ca:P 
Lo Rat | perjog.|.Food | and final | _ Ca Care- | P P re- aa 
No. No. intake. live intake. | tained. | intake. | tained. tained 

weights. 

gm. gm. gm. gm. gm. gm. 

21 295 I+ | 80.3 | 101-117 | 0.2088) 0.1539) 0.1650) 0.0919) 1.67 
21 294 | IIt |105.9 | 160-193 | 0.2693) 0.1942) 0.1969) 0.1147] 1.69 
22 301 I | 57.9 | 87-98 | 0.1504) 0.0842) 0.1374) 0.0511) 1.65 
22 300 | II | 89.3 | 142-161 | 0.2289) 0.0876) 0.1747) 0.0636) 1.38 
23 307 I | 60.4 | 103-116 | 0.1584) 0.1084) 0.6877) 0.1116) 0.97 
23 306 | II | 93.9 | 141-161 | 0.2460) 0.1354) 1.0192) 0.1203) 1.13 
24 313 I | 60.3 | 96-101 | 0.1564) 0.1003) 0.6879) 0.1169) 0.86 
24 312 | II | 88.7 | 118-139 | 0.2247) 0.1420) 0.9653) 0.1832) 0.78 
25 319 I 68.0 | 91-102 | 1.5941) 0.1718) 0.1558) 0.0610) 2.82 
25 318 | II | 91.6 | 180-145 | 2.1307} 0.2580) 0.1873) 0.1050) 2.46 
26 325 I | 74.0 | 89-105 | 1.7009) 0.2479) 0.7480) 0.0822) 3.02 
26 324 | II | 86.3 | 123-139 | 2.0147] 0.2356) 0.8869) 0.0899) 2.62 
27 331 I 61.5 | 86- 96 | 1.4410) 0.0998) 0.1484) 0.0539) 1.85 
27 330 | II 67.7 | 102-118 | 1.6121] 0.2463) 0.1555) 0.0587) 4.19 
28 337 I | 72.8 | 100-114 | 1.7375) 0.2393) 0.8296) 0.1145) 2.09 
28 336 | II | 94.9 | 140-157 | 2.2471) 0.2008} 1.0539) 0.0999] 2.01 
29 343 I 74.9 | 107-122 | 0.1921) 0.1122) 0.1607) 0.0744) 1.51 
29 342 | II | 95.5 | 143-163 | 0.2501) 0.1286) 0.1853) 0.0902) 1.43 
30 349 I 75.1 | 98-113 | 0.1934] 0.1002} 0.8466) 0.3109) 0.32 
30 348 II 90.9 | 121-136 | 0.2392) 0.1076) 1.0164] 0.1074) 1.00 





* All animals received, in addition to the regular ration, 6.25 gm. of 
a yeast-germ mixture (as pills soaked in cod liver oil), containing 0.0056 


gm. of Ca and 0.0783 gm. of P. 


yeast-germ mixture fed. 
t Animals placed on balance after having been on experimental rations 
for 9 days. 
¢ Animals placed on balance after having been on experimental rations 


for 28 days. 


“Food intakes 


” 


are exclusive of extra 
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same fraction of the P consumed, i.e. about 30 to 35 per cent, 
It does not seem likely that the relatively inefficient P retention 
can be attributed to the level (0.648 per cent P in basal ration) 
of this element in the ration, but rather because of the low Ca 
content of the rations fed. Sherman and Quinn (20) have shown 
that P deposition is conditioned by the Ca content of the ration. 

Another point of interest in Table IV is the relatively constant 
value of the ratios ‘‘Ca:P retained.” It will be noted that these 
values average about 1.2, a figure which is in close agreement 
with those calculated from the data of Sherman and Quinn (20) 
for rats of the same age, 7.e. 50 to 60 days old. At about the 
120th day this ratio, as calculated from Sherman and Quinn’s 
data, increases to a fairly constant value of about 1.6. 

The uniformity and consistency of the data in Table IV would 
seem to warrant the conclusion that the rat is a satisfactory animal 
for mineral balance studies and that the balance technique used 
in these studies is very satisfactory. 

The interpretation of the balance data obtained on animals 
from Lots 1 to 10, 11 to 20, and 21 to 30 is rather difficult for a 
number of reasons. First of all, there is always the question of 
the significance of mineral balances in general. To what extent 
is the mere ability (or lack of it) to retain an element a measure 
of the adequacy of the level at which this element occurs in the 
ration? Do we have, in the case of mineral metabolism, condi- 
tions somewhat analogous to the plane of protein nutrition? To 
what extent are mineral salts needed to furnish a sort of an en- 
vironment necessary for normal functioning? It would seem 
that we too often look upon the animal as a mere receptacle for 
certain elements. 

Another difficulty involved is the fact that variations in the 
general well being of the animals in different lots often makes 
direct comparison of mineral balances difficult. To be sure, 
these differences can be attributed, in one way or another, to the 
rations in question, but it is often impossible to say to what 
extent a poor mineral balance is the result of the immediate 
effects of a ration on mineral retention and to what extent it is 
the result of the condition in which an animal has been left due 
to the prolonged feeding of such a ration. 

It appears desirable to keep in mind the body weights of the 














er cent, 
etention 
ration) 
low Ca 
> shown 
ration. 
Onstant 
ut: these 
‘eement 
nn (20) 
ut the 
Quinn’s 


would 
animal 
le used 


nimals 
t for a 
tion of 
extent 
easure 
in the 
condi- 
? To 
an en- 

seem 
cle for 


in. the 
makes 
sure, 
to the 
what 
odiate 
| it is 
t due 


f the 














J. R. Haag and L. 8. Palmer 387 


various animals at the beginning and end of the balance periods 
and the relative efficiency with which the various intakes of Ca or 
P were retained. 

The significance of the various Ca and P retentions can best be 
determined by: a systematic series of comparisons, designed to 
answer a particular question. Perhaps the most important 
question to be answered is, Does high Mg hinder Ca and P reten- 
tion, and if so, under what conditions of vitamin, Ca, and P 
nutrition are the harmful effects of high Mg at a minimum? If 
we compare the Ca and P retention of Lot 1 with Lot 2, of Lot 11 
with Lot 12, and of Lot 21 with Lot 22, we get some measure of 
the influence of high Mg on the retention of Ca and P when both 
Ca and P intakes were low. If we compare Lots 3 and 4, 13 and 
14, and 23 and 24, we have a measure of the influence of high 
Mg on Ca and P retention when Ca was low and P was high. 
Similarly, if we compare Lots 6 and 8, Lots 16 and 18, and Lots 
26 and 28, we obtain some insight on the influence of high Mg 
on Ca and P retention when both Ca and P were high. If we 
compare Lots 1 to 10 and 11 to 20, respectively, it is possible to 
draw some conclusions concerning the extent to which the in- 
fluence of high Mg was conditioned by the vitamin intake. The 
conclusions relating to Ca and P balances in subsequent para- 
graphs have been arrived at in the manner just illustrated. 

It appears that high Mg (as MgCO;) always hindered Ca 
retention when both Ca and P were low. In the presence of low 
Ca and high P or high Ca and low P, high Mg depressed Ca reten- 
tion less frequently than when both Ca and P were low. The 
rather uniform depression of Ca retention by high Mg in Lots 
1 to 10 makes one wonder whether the ability of high Ca to over- 
come the depressing effect of high Mg is conditioned by the vita- 
min intake. There is very little consistent evidence to show that 
high Mg depressed Ca retention where both Ca and P were high. 

Taken as a whole, the balance data indicate that high Mg 
usually depressed P retention on rations in which Ca or P or both 
were low. The very frequent failure of high Mg markedly to 
depress P retention on rations high in both Ca and P, may indi- 
cate that high Ca or P or both tend to counteract the depressing 
effect of high Mg on P retention. There is also some indication 
that the depression of P retention may be conditioned by the 
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vitamin intake and the length of time that the animal has been 
fed the ration in question. 

Before leaving the question of the effects of high Mg on Ca 
and P retention, it will be of interest to compare the effects of 
MgSO, with an approximately equivalent amount of MgCo). 
It is obvious that MgSO, usually allowed equal or greater Ca 
retention than did MgCO. It is also obvious that the superiority 
of MgSO, was most marked for Lots 1 to 10 and, in general, for 
rations low in Ca and P. For Lots 1 to 10 and, in general, for 
rations low in Ca and high in P, MgSO, allowed greater P reten- 
tion than did MgCO;. In fact, an examination of the P reten- 
tion figures for Lots 10, 20, and 30 shows that MgSO, has very 
materially aided P retention. It is true that Rat 343 (Table VI) 
did not show a very high P retention, but this may perhaps be 
explained by the fact that this rat died within a few days after 
the end of the balance period. At any rate, it appears that such 
harmful effects as may accompany high intakes of MgSO,, can- 
not be attributed primarily to its being present as a sulfate. 

The general trend of the balance data also warrants the con- 
clusion that Ca retention was favored by high levels of Ca. It is 
true that there are some exceptions to this statement, which are 
to be expected, since Ca retention undoubtedly was also in- 
fluenced by other factors. Lots 21 to 30 show the most consistent 
response to high Ca, due presumably to the fact that the low 
levels of Ca for Lots 21 to 30 were much lower than those for 
Lots 1 to 20. 


CONCLUSIONS. 


1. The general trend of the results obtained leaves no doubt 
concerning the correctness of the belief that a more or less balanced 
condition of Ca, Mg, and P salts of the ration is essential to normal 
growth and functioning. 

2. The growth and mineral balance data point definitely to 
high Mg as a disturbing factor in nutrition, the extent of this 
disturbance being conditioned by the intakes of Ca, P, and 
vitamins (or, their carriers). 

3. The response of various groups of animals to certain vitamin 
levels points to even more important vitamin-mineral inter- 
relationships than have heretofore been recognized. 
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Folin in his original paper (5) on the theory of protein metabo- 
lism suggested that endogenous protein metabolism represented 
that of the living protoplasm while that which he called exogenous 
At the present 
time it is generally recognized that a small portion of the body 
protein is reserve or deposit protein, as shown by Lusk (8). 
Boothby, Sandiford, Sandiford, and Slosse (3) presented a new 
method of studying deposit protein and showed that the quantity 
that should be considered as such is considerably larger and more 
important than hitherto supposed and that its metabolism follows 
the same laws as that of exogenous protein metabolism. 

Their method of studying deposit protein consists in maintaining 
a constant protein intake and administering thyroxin or desiccated 
thyroid which causes a temporary increase in the rate of destruc- 
tion of deposit protein until a new level of equilibrium is reached. 
In the experiment reported in this and the following paper (4) 
the method was modified by making the constant protein intake 
so small as to be negligible and after the urinary nitrogen excre- 
tion was reduced to the so called nitrogen minimum, thyroxin was 
administered. The results to be discussed in this paper are those 
obtained in the periods of the experiment before and after the 
administration of thyroxin; the data for the periods when thyroxin 
was administered will be presented in the following paper. 
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The so called nitrogen minimum is probably, but not necessarily, 
theoretically identical with the true endogenous nitrogen. Al- 
though many experiments have been carried out in which an 
attempt has been made to determine the value of the nitrogen 
minimum, it is possible that this value has never been actually 
attained experimentally. Thomas (13) on the basis of his experi- 
ments assigned the value of 2.2 gm. as the so called “‘wear and 
tear quota”’ for protein metabolism which is another term synony- 
mous with the nitrogen minimum. However, since that time 
even lower values have been obtained by Robison (10) (1.99 gm. 
or 0.0344 gm. for each kilo), by af Klercker (7) (2.01 gm. or 0.0319 
gm. for each kilo), by Siven (11) (1.84 gm. or 0.0317 gm. for each 
kilo), and by Smith (12) (1.58 gm. or 0.0242 gm. for each kilo). 
In each case, had the experiment not been terminated when it was, 
it is possible that even lower values might have been obtained. 
However, the large amount of fecal nitrogen which results from 
a high carbohydrate, protein-free diet is a major factor in produc- 
ing the very low values for the urea nitrogen in the urine under 
these conditions. 


General Procedure. 


The data recorded here were obtained on one of us (H.J.D.) 
whose renal and thyroid functions were presumably normal. The 
experiment, which lasted continuously for 81 days, is divided into 
periods as follows: Period 1, 30 days on a nitrogen-free diet which 
was high in carbohydrate (about 370 gm. the first 7 days and over 
440 gm. during the last 23 days) to establish the minimal excretion 
of urinary nitrogen and to establish a constant base line. Period 
2, 13 days during which the same diet was continued to study the 
effect of the intravenous injection of 7 mg. of thyroxin under such 
a condition of depleted deposit protein (see following paper). 
Period 3, 11 days of the same dietary regimen to determine whether 
or not the temporarily increased excretion of nitrogen would again 
reach the minimal level in spite of small repeated injections of 
thyroxin which held the basal metabolic rate 20 per cent above the 
level resulting from the protein-free diet (see following paper). 
Period 4, 8 days intermission during which the nitrogen-free diet 
was discontinued and from 30 to 68 gm. of protein with an average 
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of 44.5 gm. (7.12 gm. nitrogen) were given daily. Period 5, 9 days 
during which the nitrogen-free diet was resumed. Period 6, 3 
days during which the diet contained 19.2 gm. of protein (3.07 gm. 
nitrogen) to determine whether a positive nitrogen balance could 
be obtained on a small amount of protein. Period 7, 3 days in 
which 59.2 gm. of protein (9.47 gm. of nitrogen) were given daily. 
Period 8, 4 days in the last 3 of which the protein intake was very 
large, averaging 225 gm. (36 gm. of nitrogen) daily. Period 9, 2 
days after a normal but unknown high protein diet which roughly 
indicates the status 13 days after the end of the regular experiment. 

The diet was chosen so as to furnish not only energy but also the 
vitamins necessary in an experiment continuing over such a long 
period. At the same time it necessarily contained a minimum of 
protein. The basic diet consisted largely of sugar (usually sucrose) 
and corn-starch, both of which are practically nitrogen-free. The 
corn-starch in the early part of the experiment was eaten as a 
pudding. Later a fairly palatable preparation of corn-starch was 
made by drying and pulverizing the corn-starch pudding. In 
a few cases, raw corn-starch was taken in a water suspension. 
The carbohydrate quota of the diet was large (440 gm. or 1800 
calories) since the nitrogen minimum is only attained when liberal 
but not necessarily excessive amounts of carbohydrates are in- 
gested. Body fat was utilized rather than food fat to meet the 
greater part of the remainder of the energy requirement on account 
of the unpalatableness of nitrogen-free fats. The subject had an 
ample store of his own fat which would spare protein as efficiently 
as ingested fat. For vitamins A and B, 300 ce. of orange juice, 
centrifuged to remove the nitrogen-containing pulp, were taken. 
Lettuce (150 gm.) served as a source of vitamins B and C as well 
as for roughage. 6 gm. of cod liver oil served as a source of the 
antirachitic vitamin. Since the diet in Periods 1, 2, and 3 was 
practically free from any inorganic salts, known mixtures of 
sodium, potassium, calcium, magnesium, and iron were prepared 
so that a constant amount could be taken with the meals. 

The urine was collected in 24 hour samples, ending at 7.30 a.m., 
and was kept in an ice box during the period of collection, thymol 
being used as a preservative. Blood samples were obtained at 
short intervals for analysis. The following methods were used for 
the urinary analyses: total nitrogen, Kjeldahl; urea, ammonia, 
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uric acid, amino acid, and creatinine, Folin; creatine, Benedict; 
urine sugar, Folin and Berglund; total sulfur, Benedict; total and 
inorganic sulfate, Folin; phosphate, Bell and Doisy; potassium, 
sodium, and calcium, Tisdall and Kramer; magnesium, Briggs; 
chloride, Volhard. The blood analyses for urea, creatinine, non- 
protein nitrogen, uric acid, amino acid, and sugar were performed 
on the Folin-Wu filtrate by Folin’s methods. The chloride con- 
tent of the plasma and the whole blood was determined according 
to the procedures outlined by Whitehorn. 

The determinations of basal metabolism were carried out by 
the open circuit type of apparatus usually employed in our labora- 
tory, and described elsewhere (2). They were made in duplicate 
before breakfast each morning except Sunday. 


EXPERIMENTAL. 


The condensed data for the experimental periods in which the 
results are uninfluenced by the injection of thyroxin are given in 
Tables I, II, and III. Data for Periods 2 and 3 following the 
injection of thyroxin are given in Tables I and II of the following 
paper. To conserve space the data concerning the volume of the 
urine, specific gravity, titratable acidity, nitrogen balance, sugar, 
ethereal sulfate, neutral sulfur, potassium, sodium, magnesium, 
calcium, and chlorine are not included. 

Basal Metabolism.—On the 2nd day of the non-protein diet the 
basal metabolic rate amounted to —9 per cent (Du Bois standards) 
which is approximately the normal value repeatedly obtained for 
this subject under usual conditions. During the following 8 days 
of this dietary regimen, there was a decrease in the heat production 
to —20 per cent, at which level it remained quite constant. The 
decrease in heat production closely parallels the fall in nitrogen 
elimination. As long as the nitrogen excretion is rapidly decreas- 
ing, there is a corresponding rapid fall in heat production; after 
the nitrogen curve sharply changes its course, although still with 
a slight tendency to drop slowly, the basal metabolism remains 
practically constant. The reverse picture, with a rise in the basal 
metabolic rate from —12 to +9 per cent, is seen at the end of the 
experiment as the result of the high protein diet which caused & 
deposition of large quantities of protein. 
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The fall in basal metabolism early in Period 1 was associated 
with the rapidly decreasing protein metabolism. Although some 
decrease in body weight also occurred during this period of falling 
heat production, the drop in basal metabolism was not that of 
general undernutrition, as judged by the respiratory quotient. 
There was sufficient carbohydrate present at all times and the 
body fat was only slowly being decreased. The chief changes 
were in the store of deposit protein and the decrease in height of 
the nitrogen metabolism. During the latter part of Period 1, 
when there was a much less rapid loss of deposit protein, the basal 
heat production remained approximately constant. 

Total Nitrogen.—As soon as the subject began to take the 
protein-free diet there was an immediate and progressive decrease 
in the quantity of total nitrogen in the urine. During the first 8 
days this decrease was very rapid. From the 9th day on, the 
decrease was much more gradual and irregular with two or three 
periods of increased nitrogen elimination, each successive increase 
being smaller than the preceding one. The very sharp change in 
the direction of the curve on the 9th day suggests that there are 
two types of deposit protein: one which is readily available and 
extravagantly destroyed and the other which is less readily avail- 
able and more economically used. Such a hypothesis is in line 
with the implied assumption of Rubner that there are two types 
of deposit protein: ‘ Voratseiweiss’” and ‘ Uebergangseiweiss, ”’ 
the former corresponding to Voit’s “circulating protein.” Our 
results support the idea of two types of deposit protein, at least 
as regards their physiologic availability. The variation in the 
basal heat production noted in the previous section seems to be 
dependent on the quantity of the readily available type of deposit 
protein to a greater extent than on the total quantity of deposit 
protein. 

On the last day of Period 1, 30 days after the protein-free diet 
was instituted, the total urinary nitrogen was 2.10 gm. (26.6 mg. 
for each kilo) which was slightly lower than 2.16 gm. (29.6 mg. for 
each kilo) obtained by Thomas (13) but not as low as that reached 
later in our experiment or in that of Smith (12). The lowest 
values obtained by us occurred in the last 2 days of Period 5 and 
were 1.79 and 1.75 gm., corresponding to 24.7 and 24.1 mg. for 
each kilo, which on the basis of weight are as low as in any case in 
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the literature on which complete data are available. Smith ob- 
tained in a somewhat smailer subject the values of 1.68 and 1.58 
gm., corresponding to 25.7 and 24.2 mg. for each kilo. 

Hitherto it has been assumed that the excretion of a minimum 
of nitrogen in the urine indicated that the deposit protein was 
correspondingly decreased. A study of the data presented in this 
experiment shows that such an assumption is incorrect because as 
much as 141 gm. of nitrogen were eliminated after the daily urinary 
nitrogen had been reduced to 2.10 gm. on the 30th day of the 
experiment. This sum includes not only the urea nitrogen but the 
fecal nitrogen as estimated from the sulfur elimination as well as 
the “wear and tear quota”’ of the true endogenous protein metab- 
olism consisting of creatinine, uric acid, and amino acid nitrogen. 
The latter are included because it is probable, as shown in fasting 
salmon by Miescher (9) and by Greene (6), that the vital or 
essential parts of the organism are replenished and maintained, at 
least in major part, by the conservative utilization of the reserve or 
deposit protein. Only those nitrogen compounds are eliminated 
which cannot again be utilized and once more incorporated into 
the vital and essential combinations which comprise the more 
differentiated complex protein molecules, the chemical or physio- 
logic natures of which we do not comprehend at present. At 
least the nitrogen so lost was not vital in the sense that it was an 
indispensable part of the living organism without which the organ- 
ism as a whole could not function in an apparently normal manner, 
since the subject of this experiment readily carried on his daily 
laboratory work as well as many extraneous duties. 

The daily nitrogen intake amounted to about 0.24 gm. for the 
last 22 days of Period 1; a slightly larger amount of protein was 
given in Period 5 on account of the extreme nausea which had been 
caused by the previous diet. On the last two days of Period 5, 
during which the lowest excretion of nitrogen occurred, an average 
of 0.74 gm. of nitrogen was ingested with the food. This value 
almost exactly corresponds with the urea output of these days; 
however, the quantity of urea nitrogen excreted in the urine is 
probably inversely proportional to the amount of nitrogen ex- 
creted in the feces which, under the conditions of the experiment, 
is probably quite large (1.25 gm.). Therefore, the agreement is 
probably accidental between the values for the nitrogen of the 
diet and the nitrogen eliminated as urea in the urine. 
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Nitrogen Partition Products ——The urea output decreases in 
proportion to that of the total nitrogen. It fell from the normal 
value of 76 per cent of the total nitrogen on the Ist day, when the 
latter amounted to approximately 10 gm., to 43 per cent on the 
last day of Period 5 when the total nitrogen was 1.75 gm. The 
lowest excretion of urea was 0.75 gm. for 24 hours. 

The creatinine excretion was remarkably constant, amounting 
to 0.56 or 0.57 gm. for the creatinine nitrogen almost invariably, 
except for the first few days of the nitrogen-free diet and during 
the period when protein food containing creatinine was ingested. 
The percentage of creatinine rose from 6.1 on the Ist day of the 
experiment to 32 per cent of the total nitrogen on the last day of 
Period 5. At no time was there a measurable quantity of creatine 
in the urine. ; 

The same constancy of excretion was also found for uric acid 
while the proportion of uric acid to total nitrogen increased from 1.5 
per cent on the Ist day of the protein-free diet to 8.0 per cent on 
the day on which the nitrogen excretion was at the minimum. 
The amino acid content remained quite constant after the first 8 
days of the experiment during which it had been somewhat 
higher. 

Sulfur Metabolism.—The excretion of neutral sulfur and of 
ethereal sulfate remained practically unchanged during the 
entire experimental period of the protein-free and sulfur-free diet. 
The total sulfur excretion ran approximately parallel to that of 
the total nitrogen although the sulfur-nitrogen ratio increased 
markedly with the extremely low excretion of nitrogen. On the Ist 
day the weight of sulfur eliminated was 5 per cent of the weight of 
nitrogen; then for several days during the latter part of the 1st 
week it varied between 6 and 8 per cent, which corresponds quite 
closely to the average of 6.3 per cent found by Benedict (1), in the 
31 day fast of Levanzin. During the 2nd and 3rd weeks the values 
fluctuated between 7 and 10 per cent and in the 4th week rapidly 
rose to 15 per cent. In the 8 days of protein administration in 
Period 4 the sulfur percentage returned nearly to normal, rising 
again to the remarkably high figures of 16 and 17 per cent at the 
end of Period 5, the second protein-free period. On restoration 
of protein in the diet in the later periods, the sulfur percentage 
once more returned to the normal level. Smith (12) likewise 
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obtained high values for sulfur, 14 and 16 per cent in the periods of 
low nitrogen excretion. The significance of the changes in sulfur- 
nitrogen ratios will be discussed in detail when this material js 
incorporated with other experiments from this laboratory in 
monograph form. 

Phosphorus Metabolism.—The inorganic phosphates decreased 
during the first 4 weeks of the protein-free and phosphorus-free 
diet. This decrease like that of sulfur roughly parallels that of 
the protein. In Period 4, there was a sharp irregular rise and a 
subsequent fall with the resumption of the protein-free diet. The 


TABLE IV. 


Blood Analyses of Subject (H. J. D.) on Prolonged Protein-Free Diet 
(Mg. per 100 Cc.). 









































Zz a Z . Chlorides. : 
e | z | 2 ——— 3 
Date. x | 2/8 Slele sl al 
» 2 te.1 3 > a /ss8/|é& | 2 
2 2/62| 2] 8 ® }25| 2 | & 
Bl/o|z |}<«;/5 /eR@ | al] | ale 
ff Be 5s Sai The Sein) Me a= 
1925 ont 
June 22..........] 14 | 0.48) 29/) 6.0/1.3) 7.2] 91 | 452 | 587 
"eee ee 13 | 0.48} 25 | 5.0 | 1.3 | 5.2 91 | 452 | 589 
sie. eer 14 | 0.48) 29 | 6.0) 1.3 | 7.2 | 87 | 482 | 589 | 
ae Serer er rr 14 | 0.52) 27 | 6.0/1.2 |5.3 | 87 | 450 | 594 
new ekews 14 | 0.48) 30 | 6.0 | 1.2 | 8.3 | 100 | 443 | 572 
Sept. 1...........| 17 | 0.48) 32 | 6.0] 1.2 7.3 | 91 | 424 | 576) 8 





* After the intravenous administration of 7 mg. of thyroxin July 21. 


phosphates rose rapidly with the return of the high protein diet 
in the latter periods. The phosphorus-nitrogen ratio in general 
follows the same form as that of the sulfur-nitrogen curve and the 
proportion of phosphorus excreted to that of nitrogen excreted is 
greater during the period when the deposit protein is being used 
to a smaller degree and the nitrogen excretion approaches that of 
the endogenous level. 

Blood Constituents.—Table IV shows that there were no essen- 
tial changes in the blood constituents during the prolonged pro- 
tein-free diet. 





SUMMARY. 


The minimal excretion of total nitrogen in the urine during a 
period of 30 days in which a nitrogen-free, high carbohydrate diet 
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was ingested by a normal man was found to be 2.10 gm. in 24 
hours. In a second period in which a practically protein-free 
diet was taken after much greater exhaustion of the deposit pro- 
tein following the administration of thyroxin, the nitrogen excre- 
tion was lowered to 1.79 and 1.75 gm. on the last 2 days of the 
period. The value of 1.75 gm. represents 0.0241 gm. per kilo, 
which is slightly lower than any on record. No noticeable del- 
eterious effects followed the loss in the urine of 259 gm. of deposit 
protein nitrogen ; if the amount probably lost in the feces be added 
to this the total loss would be approximately 291 gm. of nitrogen, 
after deducting the protein intake of Period 5 and neglecting the 
traces of nitrogen contained in the protein-free diet. 

The quantity of reserve or deposit protein is much larger than 
generally believed as the 291 gm. of nitrogen are equivalent to 
1.8 kilos of protein (dry) which with its normal complement of 
water would weigh not far from 12 kilos, which is 16 per cent of 
the original body weight (the subject lost 11.3 kilos in weight 
during the experiment). Furthermore in all probability the 
deposit protein at the end of the experiment was by no means 
exhausted and an unknown but considerable amount still remained 
in reserve. 

The data presented in this paper show that large quantities of 
deposit protein amounting to 141 gm. of nitrogen were eliminated 
after the daily urinary nitrogen had been reduced to 2.10 gm. on 
the 30th day of the experiment. Therefore, the excretion of 
small quantities of nitrogen is not necessarily indicative of a great 
reduction in the quantity of deposit protein, at least in the sense 
that the body cannot continue to maintain itself for a further 
period of a nitrogen-free diet. 

Despite variations in the total urinary nitrogen from 10 to 
1.75 gm. daily, the output of creatinine and uric acid, as well as 
neutral sulfur and ethereal sulfate, remained extremely constant. 
The amino acid and undetermined nitrogen were quite constant. 
The fluctuation in total nitrogen was almost entirely due to 
variations in the amount of urea excreted. The true endogenous 
metabolism in the case of a normal adult man is slightly less than 
1 gm. daily. 

The sulfur-nitrogen ratios varied between 6 and 16 per cent, 
whereas the ratio in prolonged fasting, as shown by Benedict, is 
quite constant, approximately 6 per cent. 
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There was a rapid fall in the basal metabolic rate during the first 


8 days of the protein-free diet which occurred coincident with the 
rapid decrease in the free utilization of deposit protein. There- 
after, when the nitrogen excretion fell to lower levels, the basal 
metabolism remained practically constant. Subsequently, when 
the subject was on a high protein diet and replenishing his stores 
of deposit protein, the basal metabolism was definitely elevated 
above the normal level. 


No noticeable physiologic disturbances resulted from the pro- 


longed ingestion of protein-free food other than the nausea occa- 
sioned toward the end of the period by the monotony of the food. 


a. 


10. 


11. 


12. 


13. 
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THE EFFECT OF THYROXIN ON THE RESPIRATORY AND 
NITROGEN METABOLISM OF A NORMAL SUBJECT 
FOLLOWING PROLONGED NITROGEN-FREE 
DIET. 


By HARRY J. DEUEL, Jr., IRENE SANDIFORD, KATHLEEN 
SANDIFORD, anp WALTER M. BOOTHBY. 


(From the Section on Clinical Metabolism, Mayo Clinic and The Mayo 
Foundation, Rochester, Minnesota.) 


Received for publication, December 5, 1927.) 


Boothby, Sandiford, Sandiford, and Slosse (1), after reviewing 
the literature on the effect of the administration of thyroid on 
nitrogen metabolism, established by their experiments two very 
important points: (1) that the increase in nitrogen elimination, 
always observed after the initiation of the feeding of thyroid, 
is due solely to an increase in urea elimination, and (2) that this 
increase is only a temporary phenomenon which is coincident with 
a rising thyroxin concentration of the tissues as evidenced by an 
increasing basal metabolic rate. They also showed that if daily 
doses of thyroxin were administered until the basal metabolic rate 
became steady at a higher level the urea fraction decreased until 
the total nitrogen eliminated equaled the nitrogen intake. They 
concluded, therefore, that the phenomenon was one of equilibration 
between the quantity of deposit protein and the thyroxin concen- 
tration of the tissues. The question remained, however, whether 
this characteristic temporary increase in urea elimination follow- 
ing the administration of thyroxin would be altered by reducing the 
deposit protein by a preliminary long continued protein-free diet; 
also the possibility remained that under such conditions the endog- 
enous protein metabolism might be increased. The experiment 
reported here was designed to settle these points by the study of 
the effect of the thyroxin on a subject whose supply of deposit 
protein had been considerably depleted by a previous prolonged 
protein-free diet. 
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412 Respiratory Nitrogenous Metabolism 


The experimental conditions were the same as those given in the 
previous paper (2) as this investigation forms a part of that study; 
the two periods of protein-free diet showing the effect of thyroxin 
are listed as Periods 2 and 3 in the preceding paper, Period 1 con- 
stituting the base line. At the end of Period 1 the subject had 
been on the protein-free diet 30 days as a result of which the 
daily urinary nitrogen was reduced to 2.10 gm. and the total loss 
of deposit protein nitrogen amounted to 149 gm. Period 2 was 
inaugurated by the intravenous administration of 7 mg. of thy- 
roxin and was continued 13 days to study the effect of a single 
dose, the results of which are given in Table I. During Period 
3 small doses of thyroxin were administered daily to keep the 
metabolism constantly at the highest level reached after the first 
large injection; the exact doses and the results therefrom are 
given in Table II. 

Following the injection of 7 mg. of thyroxin, there was a gradual 
daily increase in the heat production which reached the maximal 
value on the 8th day after its injection. The basal metabolic 
rate increased from —21 per cent on the day before its injection 
to the maximum of —1 per cent. Coincident and parallel with 
this rise there was also a gradual daily increase in the total nitro- 
gen excretion in the urine which also reached the maximal value on 
the 8th day after the injection of the thyroxin. The urinary 
nitrogen output increased from 2.10 gm. on the day previous 
to 6.12 gm. on the 8th day after the thyroxin. Subsequently 
there was a slight decrease in the basal metabolic rate and a 
marked fall in the urinary nitrogen excretion so that on the 13th 
day after its injection the former had fallen to —7 per cent and 
the latter to 2.62 gm. daily. 

In the next period (Period 3) the metabolism, which as just 
mentioned had already slightly decreased from the maximal 
effect of the original large dose, was again raised to —1 per cent 
by the intravenous injection for 3 days of 0.5 mg. of thyroxin; the 
metabolic rate was then maintained at this level by the daily 
administration of smaller doses. As the thyroxin concentration 
of the tissues was being increased there was a corresponding 
increase in urinary nitrogen which finally became quite constant 
as the metabolic rate became stabilized; the nitrogen excretion 
for the last 2 days averaged 3.0 gm. (Table II) which was less than 
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half that (6.12 gm., Table I) which occurred on the 8th day after 
the initial dose of 7 mg. of thyroxin; the basal metabolic rate was 
identical in both instances (—1 per cent). The period ended 
before complete equilibrium was reached and before there was 
sufficient time for the excretion of urinary nitrogen to return to 
the extremely low level obtaining previous to the administration 
of thyroxin. We were forced to end the period because of the 
nausea, headache, and malaise which invariably occur during 
the first few weeks of the administration of thyroid preparation 
and which in this instance prevented the subject from continuing 
his unappetizing and monotonous protein-free diet of sugar and 
starch which he had rigorously maintained for the extraordinary 
period of 54 days. 

In both the periods thyroxin exerted its characteristic effect 
on the respiratory metabolism and on the formation of urea and 
characteristically failed to effect any appreciable change in the 
excretion of the other nitrogen partition products. The cre- 
atinine, both preformed and total, the uric acid, and the amino 
acid remained at the same level as during the previous control 
period (Period 1, preceding paper). The excretion of total sulfur, 
total sulfate, and inorganic sulfate increased with that of the total 
nitrogen but the excretion of ethereal sulfate and neutral sulfur 
remained unchanged. The excretion of chlorine, sodium, potas- 
sium, magnesium, and calcium! was likewise unaffected by the 
administration of thyroxin. There was a very slight increase in 
the excretion of inorganic phosphate on the day of the injection 
of 7 mg. of thyroxin, which, however, returned to the previous 
level on the 3rd day. The increased nitrogen excretion noted 
after the injection of thyroxin consisted, therefore, almost entirely 
of increased elimination of urea and showed the usual tendency 
to decrease in spite of the continued administration of thyroxin 
and the maintenance of the increased basal metabolic rate. If 
we consider that under the condition of this experiment, urea is 
derived entirely or almost entirely from the catabolism of deposit 
protein, then the action of thyroxin on protein metabolism 
can be compared to the efiect of epinephrine on carbohydrate 


To conserve space the data concerning the excretion of chlorine, 
sodium, potassium, and magnesium are not included in the tables. 
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metabolism, the difference being that the action of thyroxin is 
much more prolonged. Thyroxin increases temporarily the rate 
of elimination of stored protein just as epinephrine causes tem- 
porary liberation of stored carbohydrate. There is no evidence 
from this experiment that it causes a “toxic’’ breakdown of the 
living protoplasmic tissue since no change in the rate of elimina- 
tion of those nitrogen partition products involved in endogenous 
metabolism was ‘noted. 


SUMMARY. 


iA reduction of the deposit protein equivalent to 149 gm. of 
nitrogen by a preliminary period of 30 days on a non-protein diet 
did not in any way alter the characteristic effect of thyroxin on 
the nitrogenous or respiratory metabolism. 
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CONFIGURATIONAL RELATIONSHIPS OF 3-HYDROXY- 
VALERIC AND LACTIC ACIDS AND OF ETHYL- 
METHYL AND ETHYLPROPYL CARBINOLS. 


By P. A. LEVENE anv H. L. HALLER. 
(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, December 12, 1927.) 


An interesting question was raised in regard to the optical 
rotations of the members of the two series of homologous second- 
ary alcohols, one beginning with methylethyl carbinol and the 
other with ethylmethy] carbinol. 


CH; C.Hs 
HCOH HCOH 

C.H; CH; 
Dextro. Levo. 

I. II. 


From (I) and (II) it is seen that the two substances which they 
represent are enantiomorphous. Hence they rotate in opposite 
directions. What will be the direction of rotation of the higher 
homologues of the first series when the ethyl group is substituted 
by the higher homologous radicles and what will be the direction 
of rotation of the substances of the second group when the methyl 
group is replaced by a radicle higher than ethyl? 

Assuming that all homologues of the first series remain dextro- 
rotatory, will all the homologues of the second be levorotatory? 
(Naturally the next higher homologue of the ethyl series will be 
inactive.) 

A priori the question could be answered in the affirmative. 
Indeed, Pickard and Kenyon! arrived at such a conclusion on the 
basis of the characteristic diagram method of Armstrong and 
o, Pickard, R. H., and Kenyon, J., J. Chem. Soc., 1911, xcix, 45; 1913, 
eli, 1923; 1914, ev, 830. Kenyon, J., J. Chem. Soc., 1914, ev, 2226. 
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Walker.2 Pickard and Kenyon found that dextro-ethylmethy] 
and dextro-ethylbutyl carbinols fitted on the same diagram. 

On the other hand, Clough* reasoned that in the second series 
the first member may rotate in a direction opposite to that of the 
higher members. 

In the present communication direct evidence is furnished to 
show that levo-ethylmethyl carbinol and dextro-ethylpropyl 
carbinol are configurationally related and that the configurational 
relationships of methylethyl, methylpropyl, ethylmethyl, and 
ethylpropy! carbinols can be expressed by (III), (IV), (V), and 
(VI). 


CH; CH; C.H; CoH; 
| | | | 
HCOH HCOH HCOH HCOH 
| | | | 
| | | 
CH; C;H CH; C;H; 
Dextro. Dextro. Levo. Dextro. 
ITI. IV. V. VI. 


The allocation of the hydroxyls is as given in (III) to (VI). The 
relationship of (III) and (IV) has been established previously‘ 
and that of (V) and (VI) is the subject of the present investigation. 

In order to accomplish this task it was necessary first to es- 
tablish the relationship of methylethyl carbinol to 3-hydroxy- 
valeric acid. This relationship was established through the set 
of reactions from (VII) to (X). The relationship of (VII) and 
(VIII) has been established previously’ and the set of reactions 
from (VIII) to (X) has now been accomplished. 

a CH:X CH:CN CH.COOH 


HCOH <- HCOH -—-» HCOH — HCOH 
| 


C.Hs C,H; C.H; C.H; 


Dextro. Levo. Dextro. Levo (d). 
VII. VIII. js X. 





2 Armstrong, H. E., and Walker, E. E., Proc. Roy. Soc. London, Series A, 
1913, lxxxviii, 388. 

3 Clough, G. W., Proc. Chem. Soc., 1913, xxix, 357. 

4 Levene, P. A., Haller, H. L., and Walti, A., J. Biol. Chem., 1927, Ixxii, 
591. 

5 Levene, P. A., and Haller, H. L., J. Biol. Chem., 1927, lxxiv, 343. 
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From the relationship of (VII) to (X), it follows that substances 
(XI) and (XII) are configurationally related. 


C:H; C.Hs 

HCOH HCOH 
CH:COOH CH; 
Dextro. Levo. 
xs. XII. 


The final answer was then obtained through the following set of 
reactions. 


C.Hs C.Hs C2H;s 
HCOH HCOH . HCOH 


Os; H. | 
CH.COOH <— CH.CH = CH; —~ CH.CH:CH; 
Dextro (1). Dextro. Dextro. 
XIII. XIV. XV. 


From (XI) and (XII) and from (XIII) and (XV) it follows that 
levorotatory ethylmethyl carbinol is configurationally related to 
dextro-ethylpropy! carbinol. 

The details of the reactions as well as some of the intermediate 
steps which are not mentioned here are given in the experimental 
part. 

Thus, the conclusions reached by the direct method do not 
agree with those reached by the method of Armstrong and Walker. 
The present observations, however, do not discredit the indirect 
method in all cases. Indeed, Clough has pointed out three char- 
acteristics of the behavior of the alcohols of the ethyl series on the 
basis of which the conclusion is warranted that levo-methylethy] 
carbinol is the first member of the dextro-ethyl series of secondary 
carbinols. The characteristics of behavior pointed out by Clough 
are: (1) The curve of the rotations of the dextro-carbinols of the 
ethyl series shows a sharp break in passing from dextro-methyl- 
ethyl carbinol to dextro-ethylpropyl carbinol, whereas if levo- 
methylethyl carbinol is assumed to be the first member of the 
series, the curve has a smooth character. (2) The curve of the 
molecular rotations of the acid phthalic esters of the carbinols 
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of the ethyl series exhibits a similar break to that of the free car- 
binols when dextro-ethylmethyl carbinol is taken in the same 
series as the higher dextrorotatory member of the series. (3) 
The temperature effect on the rotations of the methyl series 
differs from that on the ethyl series. The first show a drop in 
dextrorotation with rise in temperature, whereas those of the 
ethyl series show an increase to the right. The conduct of levo- 
methylethyl carbinol in this respect is similar to that of the dextro- 
carbinols of the ethyl series. 

To these three characteristics we may add as a fourth point the 
effect of acetylation on the optical rotation of the carbinols of the 
two series. The acetylation of the dextro-carbinols of the methy] 
series is accompanied by a change of rotation towards the right, 
whereas those of the ethyl series exhibit a change of rotation in the 
opposite direction. In this respect levo-ethylmethyl carbinol 
fits in the series of dextro-carbinols. 

The discordant result obtained by the Armstrong and Walker 
method is due to the fact that it can be relied upon only when all 
the substances compared by it are of maximum activity. If one 
is less pure than the rest, it will not fit on the characteristic 
curve even though it is configurationally related to them. 

In conclusion it may be added that an attempt is being made to 
study the configurational relationships of secondary carbinols 
by the method of biological reduction. Three hydroxymethyl 
ketones, namely, acetol, hydroxymethylethyl ketone, and hy- 
droxymethylpropyl ketone reduced by the action of yeast gave 
corresponding glycols which were configurationally related. 


EXPERIMENTAL. 
Levo-3-Hydroxyvaleric Acid from Dextro-1 ,2-Dihydroxybutane. 


Dextro-1 , 2-Dihydroxybutane (Butanediol-(1 ,2)).—This substance 
was prepared according to the procedure described’ in a previous 
article. Methylethyl ketone was chlorinated and the chloro- 
methylethyl ketone obtained on fractional distillation of the 
chlorination product was converted into hydroxymethylethyl 
ketone by means of anhydrous potassium formate in methyl 
alcohol. The hydroxymethylethyl ketone was added to an 
actively fermenting yeast mixture and thereby reduced. The 
glycol was isolated in the usual way. 

















Pe Car- 
same 
(3) 
series 
rop in 
of the 
 levo- 
extro- 


nt the 
of the 
rethy] 
right, 
in the 
rbinol 


Valker 
en all 
If one 
ristic 


ide to 
binols 
ethyl 
d hy- 


gave 


ane. 


tance 
V10US 
nloro- 
f the 
ethyl 
ethyl 


Oo an 


The 











P. A. Levene and H. L. Haller 419 


In absolute alcohol the glycol had the following rotation. 


_ +.1.35° X 100 


= ————_——_ = + 12.6°, [M]° = + 11.3°. 
lal» 1 X 107 +o © + 8e 


Levo-1-Bromo-2-H ydroxybutane.—This substance was prepared 
by passing dry hydrogen bromide into dextro-1 ,2-dihydroxy- 
butane ({a}? = +12.6°) prepared as described above. The 
bromohydrin was isolated in the usual manner.® 

The optical rotation in a 1 dm. tube without solvent was 
a? = —10.2°. 

Dertro-3-Hudroxy-n-Valeronitrile (Pentanol-(3)-Nitrile-(1)).—A 
mixture of 28 gm. of levo-l-bromo-2-hydroxybutane (a? = 
—10.2° in a 1 dm. tube), 30 gm. of finely pulverized potassium 
cyanide, and 100 cc. of dry methyl alcohol was refluxed on a 
boiling water bath overnight. The reaction mixture was cooled, 
dry ether was added, and the solution was filtered and dried over 
anhydrous sodium sulfate. After removal of the ether the nitrile 
was distilled under reduced pressure. On redistillation it boiled 
at 110-112°, p = 18mm. The yield was 16 gm. 

It analyzed as follows: 


0.0937 gm. substance: 9.25 cc. 0.1 N HCl (Kjeldahl). 
C;H,ON. Calculated. N 14.14. 
Found. ** 13.84. 


In absolute alcohol it had the following rotation. 


+ 0.63° x 100 , 
[aly = = = + 131°, [MIS = + 130°. 


Levo-3-H ydroxyvaleric Acid.—The nitrile obtained in the above 
experiment was hydrolyzed with concentrated hydrochloric acid. 
5 gm. of nitrile were added to 40 cc. of concentrated hydrochloric 
acid (sp. gr. 1.19) and the reaction mixture provided with a reflux 
condenser was heated on a boiling water bath for 3 hours. After 
standing overnight, the solution was filtered and the filtrate 
concentrated under reduced pressure to a small volume. Water 
was then added and the solution again concentrated. This 

* Levene, P. A., Walti, A., and Haller, H. L., J. Biol. Chem., 1926-27, 


Ixxi, 465. Levene, P. A., Haller, H. L., and Walti, A., J. Biol. Chem., 
1927, Ixxii, 591. 
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process was repeated several times. The solution was then 
extracted in a continuous ether extractor. The ether extract 
was dried over sodium sulfate. After removal of the ether the 
acid was exactly neutralized with 1 N sodium hydroxide, the 
solution filtered and concentrated under reduced pressure. The 
residue was extracted with hot absolute alcohol and filtered. 
On cooling the sodium salt crystallized. 

It analyzed as follows: 


0.0891 gm. substance: 0.4560 gm. NasSO,. 
C;H,O;Na. Calculated. Na 16.43. 


Found. ** 16.57. 
In water it had the following rotation. | 
— 0.60° x 100 P 
° = ——__—_— = — 93°, [M}® = — 180°. 


The above solution was also used for the determination of the 
rotation of the free acid. To 5 ce. of the solution 3.2 cc. of 1x 
HCl were added and the rotation taken immediately. 
»  — 100° X 100 aera 7 
[a], = 2x 328 = — 15.2°, [M],, = — 17.9°. 
Relation of 3-Hydroxyvaleric Acid and Ethylpropyl Carbinol 
(Hexanol-(3)). 


Allylethyl Carbinol’ (A5-Hexenol-(3)).—To 40 gm. of zinc and a 
crystal of iodine in a 1 liter flask provided with a dropping funnel 
and a condenser was added a solution of 30 gm. of propionic 
aldehyde and 60 gm. of allyl bromide in 50 cc. of dry ether. 
About 15 to 20 cc. of the solution were run in and the flask was 
placed in a water bath (65-70°) until reaction was initiated. 
The remainder of the solution was then gradually added, inter- 
rupting the addition when half of the solution had been introduced | 
to add 50 cc. of ether. The solution was then refluxed for 1 hour. 
The resulting product was cooled and decomposed with ice and 
ammonium chloride solution. The ether extract was washed 
with water and dried over anhydrous sodium sulfate. The ether 
was distilled and the carbinol distilled on the water pump. The 


7 Fournier, H., Bull. soc. Chim., 1894, xi, series 3, 124. 
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carbinol was then distilled at atmospheric pressure (760 to 765 
mm.). It boiled at 128-133°. The yield was 22 to 25 gm. 

Resolution of Allylethyl Carbinol (A°-Herenol-(3)).—The acid 
phthalic ester of this carbinol was prepared according to the 
general procedure described by Levene and Mikeska.* The 
phthalate was converted into the strychnine salt in acetone, 
from which solvent it was repeatedly crystallized. The salt was 
decomposed in the usual way. The allylethyl carbinol boiled 
at 129-131°. 

The carbinol without solvent had a rotation in a 2 dm. tube of 
a” = + 0.30°. 

Dextro-Ethylpropyl Carbinol (Hexanol-(8)).—A solution of 5 
gm. of dextro-allylethyl carbinol (a = +0.30° in a 2 dm. tube) 
in 50 ec. of ether was reduced with hydrogen in the presence of 
colloidal palladium as catalyst. The absorption of hydrogen 
was rapid and reduction was complete in 2 hours. The solution 
was filtered and dried over anhydrous sodium sulfate. The 
ether was removed and the carbinol distilled at atmospheric 
pressure. It boiled at 132-134°. 

It analyzed as follows: 


3.389 mg. substance: 8.794 mg. CO, and 4.135 mg. HO. 
C.H,,0. Calculated. C 70.59, H 13.72. 
Found. ** 70.76, ‘* 13.68. 


In a 1 dm. tube without solvent it had a rotation of a”? = + 1.35° 

Dextro-3-Hydroxyvaleric Acid.—A solution of 3 gm. of dextro- 
allylethyl carbinol in 50 ec. of chloroform was treated with ozone 
and air until the solution no longer decolorized a solution of bro- 
mine in glacial acetic acid. The reaction flask was immersed in ice 
water and provided with a spiral condenser. When ozonization 
was finished, the remaining chloroform was removed under reduced 
pressure. 

The ozonide was decomposed by refluxing for 4 hours with 
water. The aqueous solution was cooled and allowed to stand 
overnight. The volume was made up to 100 cc., 7 gm. of silver 
oxide were added, and the mixture was heated for 1 hour in a 
boiling water bath. When the hot solution was filtered and 
concentrated under reduced pressure to a small volume, the silver 


* Levene, P. A., and Mikeska, L. A., J. Biol. Chem., 1927, Ixxv, 591. 
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salt readily crystallized. It was recrystallized from a smal! 
quantity of water. 
It analyzed as follows: 


0.0990 gm. substance: 0.0962 gm. COz, 0.0352 gm. H.0, and 0.0480 gm. 


Ag (remaining in boat). 
C;H,O;Ag. Calculated. C 26.68, H 4.00, Ag 47.98. 
Found. “ 26.50, “ 3.99, “ 48.48 


The rotation of the barium salt in water was 


2  +0.50° X 100 _ 
lab = -—3yx00— 


This solution was also employed for the determination of the 
rotation of the free acid. To 3.3 ce. of the barium salt solution 
were added 1.4 cc. of 0.0963 nN HCl and the rotation taken 
immediately. 

_ +.0.38° x 100 


2 ni = 9 ° 2 = 9 7° 
[al vat" + 2.3°, [MJ = + 2.7°. 
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That the reaction of the intestinal contents may be an important 
factor in certain abnormalities of inorganic metabolism is evident 
from the researches of several workers. Zucker and Matzner 
(41) and, later, Jepheott and Bacharach (16), found that the feces 
of albino rats were alkaline under a rachitic régime, but were acid 
normally and with a rickets-producing diet plus curative proce- 
dures. Abrahamson and Miller (1) found the same type of 
changes in the contents of the intestines of albino rats. Recently 
Redman, Willimott, and Wokes (24) confirmed these findings on 
rats and guinea pigs, and Yoder (37) on rats. 

In the experiments reported in the present paper, dogs were 
used. The diets provided were as follows, used ad libitum. 


Diet 1.—125 gm. of lean meat, 100 gm. of cracker meal, 15 gm. of lard, 
30 gm. of bone ash, 300 cc. of water. This is a routine normal diet. 

Diet 2.—25 gm. of meat, 150 gm. of cracker meal, 30 gm. of lard, 30 gm. 
of bone ash, 350 cc. of water. This diet is relatively high in carbohydrate 
and low in protein. 

Diet 3.—Lean meat—a high protein diet. 

Diet 4.—50 gm. of meat, 50 gm. of cracker meal, 180 gm. of lard, 30 gm. of 
boneash. This provides a high fat diet. 

Diet 5.—175 ee. of whole milk, 200 gm. of white bread, 2 gm. of NaCl 
This is Mellanby’s Diet 2 (21) with which he produced rickets in puppies. 

Diet 6.—10 ce. of cod liver oil added to Diet 5. 


The dogs were fed the diet for several days previous to the 
experiment. In the cases of the Mellanby diet, and the modifica- 
tions of this diet, the feeding was continued for from 3 to 6 weeks. 
423 
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The irradiation by ultra-violet light was by means of a quartz 
mercury vapor lamp (for the use of which we are indebted to Dr, 
A. F. Hess and the Department of Pathology of Columbia Uni- 
versity) for periods as indicated in the discussion below. 

Observations made previously led us to the practice of killing 
the dogs from 4 to 6 hours after the last feeding. At this time the 
intestinal digestion is at .its height. When the canal is empty 
of food, the reaction of the secretions (2) may give a very different 
result.. The gastric reaction varies with the stage of digestion, 
and, to a lesser degree, the duodenal reaction is shifted by the 
ingress of the material from the stomach. But in the intestine, 
during the time when the food mass is present, there is no sharp 
cyclic change in reaction. 

The dogs were killed by the injection of a solution of Lilly’s 
amytal (isoamylethylbarbituric acid) into the jugular vein. It 
was found that about 30 ce. of a 10 per cent solution when so 
injected produced instantaneous death, the heart and respiration 
stopping together. The amytal was used as a freshly prepared 
solution. 

Upon the death of the dog a median abdominal incision was 
immediately made and the alimentary tract exposed. The vari- 
ous parts of the tract were then quickly ligated and removed. For 
our purpose we used the stomach, duodenum, cecum, colon, and 
2-foot sections of the ileum and jejunum. The contents of each 
section were expressed gently into centrifuge tubes, several drops 
of pure mineral oil added, and the tubes centrifuged for half an 
hour. The pH was then determined. The colorimetric proce- 
dure was carried out by the use of the Clark and Lubs (6) indica- 
tors and the Sérensen standard buffer solutions (citrate-HCl and 
phosphate mixtures) which had been checked electrometrically. 
The electrometric method was also used for 156 of the determina- 
tions (twenty-one dogs), the Clark electrode and the Leeds and 
Northrup laboratory hydrogen ion potentiometer being em- 
ployed. 

Whenever the volume of fluid was insufficient for direct deter- 
mination of pH, distilled water was added before treating the 
tubes as described above. A series of determinations on diluted 
and undiluted samples showed that the dilution did not materially 
alter the pH. This confirmed the observations of Davidsohn (7) 
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and others that in the case of heavily buffered solutions of low 
acidities dilution affects the pH very little. 

In work on the pH of gastric contents, Kahn and Stokes (17) 
reported the variations between the colorimetric and the electro- 
metric results to be sufficiently large and inconstant to make the 
colorimetric results unreliable. In work on twenty-one dogs in- 
volving 156 different comparisons of the results by the two methods, 
we found the agreement quite close and consistent between the 
colorimetric and the electrometric results. The colorimetric 
result was, in every case except one, a lower pH than the electro- 
metric, the average difference being 0.2 of a pH unit, the maximum 
difference being 0.39, and the minimum 0.1; if we omit the stom- 
ach (as the greatest error has been shown to be in the higher ranges 
of acidity) the maximum difference was 0.33. In 155 of the 156 
determinations, it should be noted, the errors are minus. We 
therefore believe that we are justified in drawing conclusions from 
relatively large changes in pH, under different conditions in the 
dog, as determined colorimetrically. 

The averages are recorded as the pH values for the correspond- 
ing average Cy. In the operations on the dogs, as we wished to 
avoid too much mixing of the intestinal contents and delay in 
removal, we could not measure the length of the whole gut before 
ligating; we therefore divided it into lengths of approximately 2 
feet, thus obtaining a varying number of sections from dogs of 
different sizes. In recording averages, we have arbitrarily grouped 
the sections to represent approximately the upper, middle, and 
lower ranges of the small intestine below the duodenum. 

Ten dogs were put on Diet 1, the routine normal diet as used in 
this laboratory. As seen from Table I, the reaction of the intes- 
tinal contents is on the acid side of neutrality practically through- 
out the entire length of the tract, the cecum and colon not showing 
the same constancy of reaction as do the upper levels of the tract. 
The intestinal contents of Dog 1 are somewhat more alkaline in 
reaction than those of the other dogs on the same diet, perhaps 
due to the fact that this dog was operated upon 18 hours after the 
last feeding, whereas in the case of the other dogs the operations 
took place from 4 to 6 hours after they were last fed. 

Robinson (25) in his work on the reaction of stools under various 
conditions found that a preponderance of fat or carbohydrates 
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gave an acid stool, whereas with heavy meat diets the reaction of 
the stools tended to be alkaline. Howe and Hawk (12), however, 
observed that the reaction of the stools was uniformly alkaline 
and that pronounced changes in the dietary régimes, such as high 


TABLE I. 
pH of Gastrointestinal Contents of Dogs on Normal Diet. 








e} x 4 4 2 = % . : “ < 
A| s&s |e Zialeé& a} | «& iE A) oOo|8 
kg. | 

1 M. | 12.0) 3.6 | 6.4 6.6 6.8 | 7.0 
2 “ | 12.0) 3.8/5.9 | 5.9| 6.0) 6.2/6.4 6.8 | 7.2 
3 | “ | 9.3) 3.6/5.8 | 5.9 | 6.2 | 6.2 6.8 | 7.0 
17 | “ | 12.0) 3.9 | 6.0 | 6.2 | 6.0 | 6.2 | 6.2 | 6.5 6.8 | 7.2 
22 | F. | 8.7) 4.3/6.0 | 5.9 | 5.7/6.1 6.5 | 6.7 
23 | “ | 9.0) 4.2 | 6.2 | 6.0 | 6.2 | 6.4 6.5 | 6.7 
24 | “ | 8.6/4.3] 5.8) 6.1 | 6.0 | 6.2 | 6.2 6.6 | 7.0 
28 | M 3.2/5.8 | 6.2/6.0! 6.4/ 6.2/6.2] 6.4| 6.8/7.2 
29 | « 3.5|5.8| 6.2/5.9] 6.1 | 6.2 6.2 | 6.4 
30 | « | 3.0 | 5.8 | 5.9 | 6.0 | 6.4 | 6.4 | | 6.4 | 6.8 





Averages: stomach 3.68, duodenum 5.91, upper level, small intestine 
5.99, middle 6.27, lower 6.36, cecum 6.57, colon 6.84. 


TABLE II. 
pH of Gastrointestinal Contents of Dogs on High Carbohydrate Diet. 





- 
| | 





| @ f | } 

, ialilBbiatigia o 
z | 3 | 3 | & | a | = e | 2 F P 
Se 4 m | g | 3 | g 5 & | § 3 & 
Aa| 8 | F&F |a|ale Z Ss & 5 | 8 

kg. | 

4 | F. /12.1| 3.7] 5.9] 5.9] 6.0] 62| 62| 6.6| 7.0 
5 | M. |12.2| 3.9| 5.9] 5.9/ 60| 62 | 6.4) 68 
0.0| 42] 5.8] 5.9] 6.0 6.6 | 7.2 


6 | F. | 1 





Averages: stomach 3.93, duodenum 5.87, upper level 5.90, middle 6.03, 
lower 6.20, cecum 6.53, colon 7.00. 


or low proteins and fasting, did not affect it much. Cannon and 
MeNease (4) and Hudson and Parr (13) found that on a high pro- 
tein diet the feces had a pH of 7 to 7.1, and on a high lactose diet 4 
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pH of 6.2. Abrahamson and Miller (1) found no notable varia- 
tion in the intestinal contents of albino rats. 

Three dogs were put on Diet 2, two on Diet 3, and two on 
Diet 4. The results of the experiments are tabulated in Tables 
II, II], and IV. As seen from the tables the reactions under 
these conditions fall practically within the normal range. 

To find how the reaction of the intestinal contents of dogs 
varied along the length of the tract on a rickets-producing diet, 


TABLE III. 
pH of Gastrointestinal Contents of Dogs on High Protein Diet. 














‘ ; re = Seisiaisisi., 

A a | an | aA Be |e | eR | me | me | oO] O 
| ko. | 

1 | M.| 10 | 4.2] 61] 64/64/6.3|6.4|6.6| 7.0) 7.4 

6 | F. | 10 | 3.7] 5.9] 62/60/62/62| |68/7.2 





Averages: stomach 3.95, duodenum 6.00, upper level 6.30, middle 6.23, 
lower 6.45, cecum 6.90, colon 7.30. 


TABLE IV. 
pH of Gastrointestinal Contents of Dogs on High Fat Diet. 





| r FF Feat . @a tf . tx 











; z , = |] s | = | 

; <= = & nn | pon n i 
Zz = = s a z = = z é 
te i 3 = Z = S = i 5 s 
a | & Fe |/as;aleme!]#&é |e] ea] 56 | 6 

| me | | | 
8 | M. | 9.5] 3.5] 5.8] 5.8] 5.9] 6.2] 6.4| 6.8 
19 | “ |10.2] 3.5] 5.7] 5.8] 5.6] 5.9] 62; 64] 68 


Averages: stomach 3.50, duodenum 5.75, upper level 5.80, middle 5.85, 
lower 6.20, cecum 6.40, colon 6.80. 








six dogs were put on Diet 5. This corresponds to Mellanby’s 
Diet 2 with which he produced rickets in puppies. That the 
reaction tends to go to the alkaline side of neutrality is evident 
from Table V. 

According to Mellanby (21), 10 cc. of cod liver oil when added 
to his rickets-producing diet were sufficient to prevent rickets in 
puppies. It was interesting to note whether or not the reaction 
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of the intestinal contents would also change to its normal value, 
For this purpose we put four dogs on Diet 6, which is Diet 5 (the 
Mellanby diet) plus 10 ce. of cod liver oil. The results of this 
experiment are given in Table VI. Here we note that with the 


TABLE V. 
pH of Gastrointestinal Contents of Dogs on Rickets-Producing Diet. 














Q ai 3 | : = F 

Zz | 2/2/e/eaiti/slaialai. 
a | a = R a Be |e) |] & |] me] OO ‘3 

| *o | 

7 | F. | 12.6] 3.4] 66] 7.0/6.8] 7.0/7.0| 7.2/ 7.4/7.4 
8 | M.|11.8| 3.6] 7.0] 7.4| 7.2 | 7.4 | 7.5/7.7 
25 | F. | 8.6] 3.9] 6.4] 6.6| 6.8 | 7.0| 7.2) 7.4 
2 | “ | 43] 3.7] 66] 6.8| 7.2/7.0 7.2/7.4 
31 | “ | 7.5| 3.9] 68] 7.0/6.6] 7.2 7.2/7.4 
32 | M.| 8.0] 4.2] 6.4] 66| 7.0/6.8 7.2| 7.4 





Averages: stomach 3.71, duodenum 6.59, upper level 6.81, middle 6.88, 
lower 7.05, cecum 7.27, colon 7.44. 


TABLE VI. 
pH of Gastrointestinal Contents of Dogs on Rickets-Producing Diet Plus 
Cod Liver Oil. 








F s oe 
2 | : a = = a“ = la 2 
Z = 3 2 x z eo 4 e gE |g 
ei zl] elle] e;e]e]2lei3 
a B = a a Be |e) ee] ee] & | Oo] Oo 
} | ko. 
9 | M. | 10.2] 3.0] 5.9] 60/6.0| 62 | 6.6 | 6.8 
10 | “ | 11.2] 3.4] 6.0] 5.9 | 5.9 | 6.2 | 6.2 | 6.4 | 6.4 | 6.6 
35 | F. | 7.0] 3.9] 5.9] 5.8 6.2 | 6.0 | 6.2 6.4 
36 | M. | 7.5| 4.2] 6.1/ 6.0] 5.8] 6.0 6.2 | 6.4 








Averages: stomach 3.40, duodenum 5.97, upper level 5.92, middle 6.02, 
lower 6.11, cecum 6.32, colon 6.52. 


preventive value of the cod liver oil we have the reaction of the 
intestinal contents again becoming more acid. 

That irradiation with ultra-violet light cures rickets has been 
known for some time, especially through the work of Hess (10) 
and of Steenbock and Black (31). Six dogs were put on Diet 5 
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and kept on it for several weeks, after which they were subjected 
to irradiation with ultra-violet light, two dogs being subjected to 
a single irradiation of 1 hour, and four to a daily irradiation of 1 
hour for 3 consecutive days. 

Previous tests showed that the reaction of the stools in dogs on 


TABLE VII. 
pH of Gastrointestinal Contents of Dogs on Rickets-Producing Diet, with 
Ultra-Violet Irradiation. 


























Ros | sex. | weight.| Stom- | Duode-| First | Second | Third | Cecum.| Colon, 
7 kg. | | | 
11 | F. /12.1 | 3.8 | 59 | 60 | 64 | 62 | 68] 7.2 
2/}/“ | 98 | 39 | 61 | 62 | 64 | 6.6 | rd 7.4 
27 “ | 5.0 | 3.4 | 5.9 | 6.1 6.2 6.2 | 66] 6.8 
3 1M. | 8.4 | 3.5 a 5.9 | 6.0 | 6.2 | 4 6.8 
34 | 6.5 | 3.7 | 61 | 60 | 60 | 62 | 66] 6.8 
37. «(| «@*. 5.0 | 39 | 61 | 63 | 62 | 64 | 66) 68 
Averages: stomach 3.66, duodenum 6.01, upper level 5.99, middle 6.17, 


lower 6.28, cecum 6.63, colon 6.91. 


TABLE VIII. 
pH of Gastrointestinal Contents of Dogs on Normal Diet Plus Irradiation. 


























| |} ¢ | x : Fr 

a | | aitie s = a | | 
Z | |g = 2 | a 3 pa 4 : ; 
ew | 4 2 | & : | : = 3 : | B 
a] Z = | B a —e | 8 Fa = 5 | 6S 

| kg. } | | | 
3 | M. | 8 | 42/ 6.0| 5.9| 5.8] 62] 64|] 62] 6.8 
39) “ | 15 | 42) 62] 65| 63] 66) 68) 66] 7.0 
40 | « | 12 | 3.7| 5.9 6.2| 6.5| 6.4 6.8| 6.8 
41 | “ | 10 | 3.5] 5.6! 5.9] 62] 6.0 6.2| 6.4 
2j]r. | 7 | 34/53] 59| 62| 64] | 6.2] 6.8 





Averages: stomach 3.68, duodenum 5.68, upper level 6.03, middle 6.14, 
lower 6.30, cecum 6.34, colon 6.70. 








& regular mixed diet was around 7.2. An analysis of the stools 
of the first two dogs a few days before irradiation (after 3 weeks 
on the Mellanby diet), showed pH 8.0 for one and pH 8.2 for 
the other. The day following subjection of the dogs to the mer- 
cury quartz lamp, the reactions of the stools were pH 7.2 and pH 
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7.4 respectively. The animals were therefore killed and studied 
on that day. That, with the curative action of the ultra-violet 
light, the reaction of the intestinal contents tends to be more on 
the acid side is evident from Table VII. Dog 12 in this experi- 
ment showed marked signs of malnutrition. 


TABLE IX. 
Averages of pH of Gastrointestinal Contents. 























= Diet. Z 2 sé a2 5 E F 
Zz #i/alis |=" |S" | 8 | 8 
10 | Normal. 3.68) 5.91) 5.99) 6.27) 6.36, 6.57) 6.84 
3 | High carbohydrate. | 3.93] 5.87} 5.90) 6.03) 6.20) 6.53) 7.00 
2 “fat. 3.50) 5.75) 5.80) 5.85!) 6.20) 6.40) 6.80 
2! “ protein. 3.95) 6.00] 6.30) 6.23) 6.45! 6.90) 7.30 
6 | Rachitic. 3.71) 6.59) 6.81) 6.88) 7.05) 7.27) 7.44 
4 “ + cod liver oil. 3.40) 5.97) 5.92) 6.02) 6.11) 6.32) 6.82 
6 ” + irradiation. 3.66 6.01; 5.99) 6.17) 6.28) 6.63) 6.91 
5 | Normal + ” 3.68) 5.68) 6.03) 6.14) 6.30) 6.34! 6.70 

TABLE X 
Average Cu X 1078 of Gastrointestinal Contents. 
achitie 1 | Rachitie + 
Normal. Rachitic. Packie + | e — 
Pe, MN noi ccuees esc vncus 10 6 6 4 

Stomach........... heb eae 168 , 230 19,500 61,300 264, 677 

Se eee 123+29 26+12 99+15 | 108+13 
Upper small intestine.......... 98+20 15+8 | 86+17 | 121+16 
Middle “ oP unmet awas 82+29 12+7 | 68+16 96+26 

Lower “ Fre Kase | 56+8 9+4 53+10 78+15 

iss a udnbbieniadunueiees | 27+10 4+1 | 2446 48411 


Colon | 1447 4+1 | 1248.6/ 30469 





In passing, it is interesting to note (though the relation to this 
phenomenon is only speculative) that Liechti (19) found an in- 
creased local subcutaneous acidity, lasting for several days follow- 
ing ultra-violet irradiation. 

Five dogs were put on the normal diet (No. 1) and subjected 
to irradiation as in the case of the dogs on the Mellanby diet. 
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The irradiation caused no apparent lowering of the intestinal pH 
below the normal figures (see Table VIII). 

Table IX presents a summary of these data. In Table X the 
data for the normal, rachitic, irradiated, and cod liver oil series 
are presented in terms of the non-logarithmic expression Cy X 107%, 
with probable errors. 

To test the validity of our conclusion that the series on the 
rickets-producing diet showed a real difference from the series on 
the normal diet and the series on the rachitic diet plus irradiation, 


TABLE XI. 
Average Cu X 10-8 of Intestinal Contents, with Differences and Probable 


Errors of Differences. 





Probable error 











Averages. Difference of difference 

N. R. 1 I. N.-R. | L-R. | N.-R. | L-R. 

Duodenum.................| 123 | 26 | 99 | 97 | 73 | 9.8] 6.9 
Upper small intestine......| 98 5 | 86 | 83 | 71 7.2| 7.7 
Middle “ “  .....| 82 | 12 | 68 | 70 | 56 | 9.7] 7.2 
Lower “ © xe @ 9 | 53 | 47 | 44 3.0 | 4.5 
Ee rr ee | 27 4 | 2 | 23 | 20 | 3.2] 2.5 
Colon....................., 4 | 4] 12 | 00] 8 | 2.3] 3.6 





N. = normal diet; R. = rachitic diet; 1. = rachitic diet plus irradiation. 


we have calculated, from the data as shown in Table X, the 
probable errors of the differences 


P. E. (ym, — M2) = 0.6745 V (6)? + (6,)? 


(Chaddock (5)) for comparison with the differences of the means 
of the series. These data are shown in Table XI. Similar data 
for the other series are not shown, since with a smaller number of 
animals in a series the calculation of the deviations becomes less 
reliable. The results with them, however, are similar throughout. 


DISCUSSION. 


A study of Tables I to XI shows that the pH of the contents 
of the intestinal tract of a dog on a normal diet, 4 to 6 hours after 
the last feeding, was found to be remarkably constant at the 
various levels studied. There was a slow but steady rise in 
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average pH in descending levels. .The reaction remained acid 
throughout the small intestine. In the large intestine the con- 
tents may be slightly acid or slightly alkaline. 

When the diet was varied so as to alter the proportion of carbo- 
hydrate, fat, or protein, the reaction in the alimentary tract re- 
mained essentially normal. The high fat diet, as might be ex- 
pected, tended to give reactions in the more acid range of the 
normal variations. 

Although ordinary variations of the normal diet were not 
effective in altering the alimentary pH, the use of a diet which is 
known to produce rickets in puppies (though, as we were working 
with adult dogs, we obtained no clinical rickets) gave results which 
were strikingly different from the normal picture. The reaction 
of the gastric contents fell well within the same range as in the 
normal dogs. However, since our experiments were aimed more 
directly at the intestinal conditions, we had chosen a postfeeding 
interval at which the intestinal rather than the gastric digestion 
was at its height, so that we do not feel that we have ruled out the 
possibility of gastric alteration. In the intestines, the animals 
on the rickets-producing diet showed a definite and distinct 
tendency to a pH of contents greater than in the normal animals. 
The difference between the normal and the rachitic animal is 
evident throughout the tract below the stomach, but is rather 
more striking in the small intestine than in the large intestine. 
This variation can perhaps be explained by the fact that in the 
cecum and colon there is a greater superimposition of bacterial 
changes tending to mask, in some degree, the physiological con- 
ditions. 

In the group of dogs on the rickets-producing diet, which were 
also given ultra-violet irradiation or cod liver oil—each of which 
is known to have, in some way, preventive or curative effects on 
rickets—the intestinal pH was found again to be very different 
from that obtained on the rachitic diet alone, and approaching 
closely or reaching the normal figures. 

That the pH of the medium must have an important influence 
on the solubility of calcium and phosphate (and, also, of other 
ions, such as iron and magnesium), is well known. Also, the 
obvious belief that the solubility of these materials in the intestine 
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ed acid influences their absorption and their ultimate loss has much direct 
he con- experimental evidence to support it (3, 14, 15, 36). 
That the ingestion of excess acid or alkali will affect the inor- 
f carbo- ganic metabolism of the body, especially as to calcium and phos- 
ract re- phate, is known from the work of Zucker (38). It has also been 
be ex- shown that the dietary ratios of amounts of mutually precipitat- 
of the ing substances (such as calcium and phosphate, calcium and fatty 
acid) will affect their utilization in the body. There is evidence 
re not (40) to show that the addition of sodium carbonate or ammonium 
rhich is chloride to diets which are on the border line between rachitic 
rorking and non-rachitic may make them, respectively, rickets-producing 
; which or not rickets-producing and that additions of ammonium chloride 
-action to the diet may prevent tetany (32, 34, 35), which is a disease fre- 
in the quently associated with calcium deficiency. In these instances the 
1 more possible relation between pH, solubility, and inorganic metabolism 
‘eeding seems fairly evident. 
restion That the various antirachitic measures affect the absorption of 
ut the calcium or phosphate or both from the intestine is shown by the 
nimals work of Shabad (27, 28), Lesue, Turpin, and Zizine (18), Hender- 
istinet son (9), Mitchell and Johnson (22), Orr, Holt, Wilkins, and Boone 
imals. (23), Telfer (33), Yoder (37), and others. The relation of this 
mal is absorption and rickets to intestinal reaction has been supported 
rather by the researches of Zucker (39), Zucker and Matzner (41), 
astine. Abrahamson and Miller (1), Jephecoti and Bacharach (16), Red- 
in the man, Willimott, and Wokes (24), and Yoder (37). 
terial The curative effect of ultra-violet light is clearly independent 
1 con- of any addition of material; its effect seems to be registered in- 
directly through some change in a body substance (probably 
. were cholesterol (11)). The question of how such a change affects 
which the ossification is of greatimportance. It seems unlikely, from the 
ts On researches of several investigators (26, 29, 30) that the rachitic 
‘erent defect lies altogether in the ossifying tissues themselves. The 
ching results reported here are, we believe, further evidence in favor of 
the idea that the primary defect in rickets, which is corrected 
ence under ultra-violet treatment, may be the absorption of phosphate 
other (or calcium, or both) from the gut, with the hydrogen ion con- 
, the centration as a limiting factor. 
stine Again, the cod liver oil has a profound effect on the inorganic : 
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metabolism, in spite of the fact that it adds no inorganic material, 
The effect of the oil on the intestinal pH, and its effect on the 
calcium and phosphate balance of the body (3, 27, 28) lead us to 
thesame conclusion. Here, too, however, the mechanism whereby 
the cod liver oil causes the change in the intestine is a matter of 
speculation. It is in all probability not related to the reaction of 
the products of digestion per se, since in vitro digestion of the 
various normal, rachitic, and curative diets by alimentary enzymes 
gives mixtures of approximately the same pH, and since other 
fats donot give thesame physiological result in vivo. Furthermore, 
neutral concentrates have the same curative action. 

It is probable, though not now demonstrable, that the pH factor 
is to a certain extent, at least, primary in these phenomena. The 
speed with which the irradiation alters the reaction of the intestinal 
contents after a long period on a rickets-producing diet suggests 
that this change comes early among the changes associated with 
the cure. The apparent universality of the pH relationship in 
the cases studied also tends to support this view. 

It is perhaps idle at present to speculate as to the probable 
physiological mechanism by which these changes occur. It may 
be a change in the reaction of the digestive secretions in the stom- 
ach or intestine or both; it may be an altered absorption of acidic 
or basic materials from the gut. These changes may be due to 
nerve control or to direct action of some substance on the epithe- 
lial cells involved. The fact that the intestinal tract seems to 
be concerned to some degree in the maintenance of the acid-base 
equilibrium of the body (8, 20) suggests that systemic conditions 
may possibly be involved, changing the acidic or basic excretions 
into the gut. Yoder (37), testing a small number of rats and find- 
ing that irradiation of the rachitic rats affected the intestinal pH 
only below the duodenum, suggests this as evidence of excretion 
of acid or acid-producing substance into the gut. We have found, 
however, in the dog, that the duodenum shows the same type of 
change as do the lower parts of the tract. 


SUMMARY. 


1. The reaction of the intestinal contents of dogs on a normal 
mixed diet is acid practically throughout the entire length of the 
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tract, the cecum and colon showing somewhat less constancy in 
































material. 

t on the the results than the other levels of the tract. The pH of the 
ad us to small intestine varies between 5.7 and 6.6. 

whereby 2. The reaction of the intestinal contents of dogs fed high fat, 
natter of protein, or carbohydrate diets is practically within the normal 
action of range for each level of the tract. 

n of the 3. On Mellanby’s diet, known to produce rickets in puppies, 
enzymes the reaction of the intestinal contents of dogs tends to be more 


alkaline. The pH of the small intestine varied from 6.4 to 7.4. 


ce other : : 
4. The addition of cod liver oil to Mellanby’s diet changes the 


nermore, 
intestinal reaction back to its normal range. 
H fecter 5. Irradiation with ultra-violet light tends to bring the reac- 
a. The tion of the intestinal contents of dogs on a rickets-producing diet 
testinal back to the normal values. : 
suggests 6. Irradiation of dogs on a normal diet with ultra-violet light 
ed with causes no apparent change in the alimentary pH. 
iship in 7. These facts are offered as further evidence that changes in 
the reaction of the alimentary contents are (through the effect on 
robable solubilities of various materials and hence on their absorption) 
It may an important factor in alterations of inorganic metabolism and 
apr especially rickets. 
f acidic 
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A NOTE ON THE CRYSTALLIZATION OF FREE LYSINE.* 


By HUBERT BRADFORD VICKERY anp CHARLES 8. 
d Factors, LEAVENWORTH. 


(From the Laboratory of the Connecticut Agricultural Experiment Station, 


xxii, 143. 
m. J. Dis. New Haven.) 
(Received for publication, December 6, 1927.) 
1927, xxi 


With the exception of lysine, all of the amino acids derived from 
proteins by hydrolysis have been obtained in the crystalline form. 
In view of the ease with which it is possible to crystallize free 
arginine,! there seemed to be no reason to suppose that lysine would 
not crystallize from its solutions provided that material of sufficient 
ild., 1925, purity could be secured. The chief impurity to be feared is the 
carbonate, since lysine is so strong a base that it readily absorbs 
carbon dioxide from the air.2 Other amino acids may also con- 


adie taminate a lysine fraction prepared in the usual way® and it is 

7 essential, in order to purify this substance, to carry out the crys- 
99. tallization of asalt. The picrate is by far the most suitable. 

For the following work a number of preparations of lysine 

picrate obtained from various proteins were combined. Each of 

siological these had been crystallized at least once and all decomposed with 


a slight explosion at temperatures above 260°. The material 
‘xp. Biol. (60 gm.) was dissolved in hot water, boiled with a liberal quantity 
of norit, filtered, and evaporated until crystallization commenced 
at the surface of the solution. On standing overnight a large 
crop of fine needles was obtained which decomposed at 265—266° ;4 


nd Med., 


*The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Washing- 
ton, D.C. 

‘Vickery, H. B., and Leavenworth, C. S., J. Biol. Chem., 1927, lxxii, 403. 

* A dilute solution of free lysine is intensely alkaline to phenolphthalein. 

* Leavenworth, C.S., J. Biol. Chem., 1924, Ixi, 315. 

Sy, Lysine picrate begins to darken at 240° and becomes very dark at 250°. 
No obvious melting occurs but the slight explosion at 265-266" is strikingly 
characteristic. The decomposition temperature is little affected by the 
rate of heating. 


437 











438 Crystallization of Free Lysine 


on evaporation of the mother liquor a small, but equally pure, 
second crop separated. The second mother liquor yielded, on 
further concentration, a third crop of less pure material and, 
finally, dark and manifestly impure crystals. 

The first two crops were united and recrystallized from hot 
water whereby well developed needles, many of them at least | 
em. long, were secured. These decomposed at 265—266° as before. 
A second crop from the alcoholic washings and mother liquor of 
the first crop was equally well crystallized and decomposed at the 
same temperature. The combined weight of these two crops was 
54 gm., representing a 90 per cent recovery. 

The picrate was dissolved in 150 ce. of hot 10 per cent sulfuric 
acid, the picric acid, which crystallized on cooling, was filtered off, 
and the solution was extracted with ether until no further picric 
acid could be removed. In spite of the careful purification of the 
picrate this solution was faintly yellow. It was therefore diluted 
and boiled with norit, which removed every trace of color, and 
then treated with a hot solution of three times recrystallized 
barium hydroxide until the reaction was no longer acid to Congo 
red but was still distinctly acid to litmus. The barium sulfate 
was removed and washed and the solution concentrated to about 
200 ce. in vacuo. 

The 3 liter distillation flask containing the lysine solution 
was fitted with a stopper carrying an air inlet tube, a dropping 
funnel, and a short length of open glass tubing through which a 
sampling pipette could be introduced. A strong stream of air, 
freed from carbon dioxide, was passed through the apparatus 
during all the subsequent operations. Cold saturated barium 
hydroxide solution was slowly added until, on warming and allow- 
ing the barium sulfate to settle, no further precipitation could be 
observed. Small samples were then withdrawn, centrifuged, and 
tested for excess of either sulfuric acid or barium hydroxide. The 
reagent was added until a point was found at which no precipitate 
appeared on adding dilute sulfuric acid or barium hydroxide to 
separate samples. The test samples were not returned to the 
flask. 

The precipitated barium sulfate was allowed to settle and was 
washed twice by decantation with liberal amounts of hot boiled 
water, the fluid being siphoned off each time into a flask contain- 
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ing purified air. After concentration in vacuo to about 500 ee. 
the solution was drawn through a thick pad of paper pulp on a 
sintered glass filter in a system protected from the outside air by 
soda-lime. The perfectly clear filtrate was concentrated to a 
thick, slightly greenish yellow sirup. Crystallization began 
during the last stages of the concentration and, on standing over- 
night, a considerable part of the lysine separated as a solid mass 
of crystals. After turning the flask on its side the remaining sirup 
slowly drained away from the crystals and the appearance is 
shown in Fig. 1. A small sample of the magma was drawn, with 
every precaution against the access of carbon dioxide, into a 
covered cell constructed of microscope slides cemented together 





Fic. 1. Mass of crystalline free lysine at bottom of flask. One-half 
natural size. 


with paraffin and provided with inlet and exit tubes. A photo- 
micrograph of the crystals is shown in Fig. 2. The crystals are 
fine transparent needles which aggregate into irregular, striated 
plate-like forms and also into radiating groups. Owing to the 
necessity of photographing through a thick layer of sirup, many of 
the crystals in the figure are out of focus. 

A portion of the sirup was treated with 20 to 30 volumes of 
absolute aleohol. A white precipitate separated, which, on warm- 
ing, dissolved to a slightly turbid solution. On cooling, lysine 
separated at once in tiny needles which are shown in Fig. 3. It 
was found necessary to employ absolute alcohol that had been 
refluxed over potassium hydroxide since ordinary absolute alcohol 
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promptly assumed a yellow color when heated with lysine and the 
crystals which separated on cooling were impure. Even with this 
precaution it was found difficult to secure a white preparation 
with a theoretical nitrogen content. The best preparation con- 
tained 19.06 per cent of nitrogen, theory 19.17 per cent, and was 
free from carbonate. 

On slow heating, free lysine darkens above 210° and decomposes 
at 224-225° (Anschiitz thermometer). By more rapid heating 
the apparent decomposition point may be raised 1° or 2°. 

Some of the sirup was allowed to stand exposed to the air until 
a superficial layer of erystals which contained carbonate had 





hic. 2. Free lysine crystallized from water. X 80 


separated. These were pressed out dry and were found to be- 
have, on heating, in the same way as the crystals of the free base. 
Another portion of the sirupy suspension of crystals was re- 
moved and diluted with boiled water. A nitrogen determination 
indicated that the solution contained 6.49 per cent of lysine. The 
specific rotation was [fa], = +14.6°. Since this solution, on 
being tested with barium hydroxide, gave a barely visible pre- 
cipitate of barium carbonate, the amount of carbon dioxide which 
had been absorbed by the lysine throughout the operations was 
negligible. 
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and the Another preparation of crystallized lysine was made from a 
ith this & sample of lysine chloride (20 gm.) obtained, via the picrate, from 
aration casein, to ascertain whether the precautions that were taken to 
mM con- purify the material and eliminate carbon dioxide were really 
nd was necessary. The chloride was treated with exeess of silver oxide 

; in a solution maintained faintly acid with sulfuric acid, the silver 
mposes chloride was removed, and the excess of silver precipitated by 
heating hydrogen sulfide. The solution was then concentrated slightly, 


decolorized with norit, and the sulfuric acid exactly removed by 








ir until 
te had 
s 
; 
: Fic. 3. Free lysine crystallized rapidly from somewhat dilute alcohol. 
x 80. 
purified barium hydroxide, the work being done in an open beaker 
to be- in the usual way. The barium sulfate was centrifuged off, the 
vase. solution concentrated to about 500 ec. in vacuo, and then filtered 
vas re perfectly clear through paper pulp on an open filter. It contained 
ination =| a trace of carbonate. On concentration in vacuo to a sirup, erys- 
The tallization readily took place. The crystals thus secured were 
on, on typical and as finely developed as the previous sample. A few 
le pre- thin and irregular plates were present; the edges of some of these 
which formed angles indicating that, if fully developed, the plates would 
ns was be hexagonal. On adding several volumes of purified absolute 


alcohol to the magma and warming, a somewhat turbid solution 
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resulted, probably due to the presence of a trace of carbonate. 
Consequently if pure free lysine is desired the precautions de- 
scribed above are necessary, but they may be omitted if a demon- 
stration sample only of crystallized lysine is required. 

The turbid alcoholic solution, on standing several days deposited 
lysine in hexagonal plates (Fig. 4) from which the still turbid 
mother liquor could readily be decanted. This was filtered per- 
fectly clear and enough absolute alcohol added to throw out a 
small white flocculent precipitate which dissolved to a clear solu- 
tion on warming. When cooled, needles were promptly deposited 





Fic. 4. Free lysine crystallized slowly from dilute alcohol. X 80 


on the glass at the surface of the fluid while the flocculent precipi- 
tate slowly crystallized into tiny hexagonal plates at the bottom 
of the flask. Lysine therefore deposits crystals of two apparent 
types from alcoholic mother liquors. In the presence of much 
alcohol, which facilitates rapid crystallization, tiny needles form. 
From a somewhat less strongly alcoholic mother liquor, erystalliza- 
tion is slower and well formed hexagonal plates, often occurring 
in small piles of diminishing size, separate. Examination of these 
plates under the microscope showed that some of them are formed 
of aggregates of needles. 
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SUMMARY. 


Free lysine, when adequately purified and protected from car- 
bon dioxide, crystallizes from a concentrated aqueous solution in 
needles which aggregate into striated irregular plate-like forms or 
into radiating bunches. The crystals decompose at approxi- 
mately 224° and possess a specific rotation of [a]?? = +14.6°. 
Lysine may also be crystallized in tiny needles or in hexagonal 
plates from slightly diluted, purified, warm alcohol. It is ex- 
tremely soluble in water but practically insoluble in cold absolute 
alcohol. 

Pure lysine picrate decomposes with a characteristic explosion 
at approximately 266°. 
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Since Takahashi (1) reported the results of a study which led 
him to the conclusion that vitamin A (called by him biostearin) 
has the properties of a sterol, this class of substances has assumed 
unusual interest. More recently Hess (2) and Steenbock (3) and 
their associates have brought to light the fact that the substance 
in natural foods which can be activated by irradiation with ultra- 
violet light, so as to confer upon it the properties of vitamin D 
as manifested in the prevention or healing of the rachitic lesion, is 
contained in the sterol fraction. Hess and Windaus (4) have 
brought forward evidence that ergosterol is extraordinarily potent 
in its antirachitic effect after irradiation. Hess and Anderson (5) 
have found that a-sitosterol prepared from maize oil can also be 
so activated. The existence of numerous sterols in biological mate- 
rials, some of which can be activated by light, makes it desirable 
to have effective methods for their separation and purification. 
The study of the allophanic esters of sterols was begun by us in 
1925. The study of the preparation and properties of the esters 
described in this paper was undertaken with a view to discovering 
the possible usefulness of this class of derivatives in the isolation 
of fat-soluble vitamins. It seemed desirable to determine whether 
sterols would react as do other alcohols with cyanic acid with the 
formation of allophanic esters. The properties of allophanates of 
other alcohols have in general been favorable for identification (6). 
If this should be true of the sterols we should have the advantage 


* The experimental work reported in this paper was carried out by Miss 
Ume Tange and was submitted to the faculty of the Johns Hopkins Univer- 


— in partial fulfilment of the requirements for the degree of Doctor of 
‘ hilosophy. 
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of working with easily formed derivatives containing nitrogen and 
possibly with solubility properties which would be advantageous 
in the separation and purification of this class of substances. 


Allophanates of Sterols. 


Preparation of Cyanuric Acid.—Cyanuric acid was prepared 
according to the procedure described by Béhal (7). 250 gm. of 
urea were heated to 110-131° while a rapid stream of chlorine gas 
was passed into it. The chlorine was generated by treating 
potassium permanganate with hydrochloric acid. The gas was 
first washed with water, then with sulfuric acid. The excess of 
chlorine not absorbed by the urea was absorbed by sodium hy- 
droxide. On passing chlorine into urea the temperature rises 
rapidly, and care must be taken that it does not rise above 131° 
during the first period of the reaction, since urea is sublimed 
without being attacked by the chlorine. At 131° the urea melts 
with a rapid evolution of gas, after which the resulting material 
gradually solidifies. As the solidification progresses the tempera- 
ture is gradually raised to 150°, and the material is treated with 
chlorine gas until the contents of the flask become solid. This 
requires 4 to 5 hours. The white solid product is then heated at 
190-240° for 12 to 20 hours, or until no further evolution of gas 
takes place. The length of the heating period at these high tem- 
peratures varies greatly and depends upon the temperature main- 
tained while the chlorine gas was being introduced. 

The crude cyanuric acid was treated with 2 liters of boiling water 
and 200 ml. of concentrated ammonium hydroxide. This 
operation was repeated until the solution no longer yielded copper 
cyanurate on the addition of cupric ammonio sulfate, Cu(NHs).- 
SO, The cupric cyanate was suspended in water and treated 
with dilute nitric acid which decomposed it into cupric nitrate and 
cyanuric acid. The yield in several preparations was 50 to 60 per 
cent of the theoretical. If the heating is too long continued at the 
higher temperatures employed toward the end of the operation, 
amorphous insoluble “caluret,” C;HsO;N¢, is produced and the 
yield is reduced. 

The cupric ammonio sulfate solution employed was prepared 
by dissolving CuSO,-5H.O in water, and adding ammonium 
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hydroxide until the precipitate first formed nearly but not quite 
redissolves. 

Cholesteryl Allophanate.—3 gm. of cholesterol melting at 148°, 
prepared from cod liver oil, were dissolved in 120 ml. of benzene. 
Into the solution, kept in a freezing mixture, cyanic acid gas was 
passed by means of a current of dry carbon dioxide. The latter 
was first washed with water, then with sulfuric acid, and lastly 
passed through a calcium chloride tube. The cyanic acid gas was 
prepared by heating cyanuric acid to dissociation. Since cyanic 
acid has but a transitory existence, the tube in which it is generated 
and the tube carrying the gas into the benzene solution of the 


TABLE I, 
Solubility of Cholesteryl Allophanate in Several Solvents. 





























Solvent. Sages of! Time Amount dissolved in 100 ml. 

| C. min. gm. 

aceanes | 35-38 10 | 0.009 

Petroleum ether..... 40-45 10 Practically insoluble. 

CHCl; re wee... | 60-65 10 0.492 

| ae ere | 77 (about). 10 0.049 

> : | 80-81 10 0.230 

Sees 10 0.142 

C.H;CH; 2... | 90-93 10 0.110 (?)* 

Ethyl! alcohol .| 80-82 10 0.053 

Acetone 56-58 10 0.023 

Pyridine 96 (about). 10 0.780 








* During filtering, it gelatinized on filter paper. 


sterol must be kept suitably heated to prevent polymerization to 
cyanuric acid. The proportion of cyanuric acid dissociated to the 
sterol employed should be 3:1 to 5:1. 

The reaction product of cholesterol and cyanic acid forms a 
pasty mass. It was allowed to stand overnight in contact with the 
cyanie acid dissolved in the benzene, then filtered with suction. 
The material was washed with benezene, then with petroleum 
ether, in both of which it is nearly insoluble. The crude product 
was recrystallized from pyridine. The yield was about 65 per 
cent of the theoretical. 

From chloroform or pyridine cholesteryl allophanate crystal- 
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lizes as colorless, shining needles which melt at 235-236°. It is 
insoluble in water and but slightly soluble in other common sgol- 
vents (see Table I). The nitrogen content (Kjeldahl) of the 
crystals was 28.63 per cent (average of three determinations), 
The calculated nitrogen content of the reaction product of choles- 
terol with 1 molecule of allophanic acid (C2sHysN2Os3) is 28.02 per 
cent. The product obtained was, therefore, cholesteryl allophan- 
ate, Cs27H,;O CO -NH-CO-NHse. 

No detailed study has been made of the time required to saponify 
cholesteryl allophanate completely by means of alkaline reagents. 
The ester is hydrolyzed slowly by 10 per cent alcoholic KOH, and 
more rapidly by sodium ethylate. 

0.24 gm. of cholesteryl allophanate was treated in an Erlen- 
meyer flask with 35 ml. of 10 per cent KOH (95 per cent alcohol), 
and heated in a water bath under a condenser for 1 hour. Anm- 
monia gas was evolved. After cooling the flask, water was added 
which caused the separation of cholesterol. The latter was shaken 
out with 3 portions of ether. The combined ethereal extracts 
were washed with water, and the ether removed by distillation. 
The residue was pale yellow in color. Recrystallization from 
95 per cent alcohol yielded the typical crystalline form of choles- 
terol, and the product melted at 148°. 56 per cent of the choles- 
terol was recovered. That some of the allophanic acid still re- 
mained as potassium allophanate in the water from which the 
cholesterol was extracted was shown by the evolution of carbon 
dioxide on acidifying it with HCl. The salts of allophanic acid 
are fairly stable but the free acid at once decomposes into carbon 
dioxide and urea. From these observations there can be no 
doubt that the product described is the allophanic ester of cho- 
lesterol. 

Cholesteryl allophanate is very little hydrolyzed by alcoholic 
hydrochloric acid. 

(0.222 gm. of cholesteryl allophanate was treated with 35 ml. of 
2.5 per cent sodium ethylate solution according to the method of 
Kossel and Obermiiller (8). The solution was then diluted with 
water and shaken out with 3 portions of ether. The washed ether 
was evaporated. 80 per cent of the cholesterol was recovered by 
this method. When a 5 per cent solution of sodium ethylate was 
employed the yield of cholesterol was increased to 85 per cent. 
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There forms on saponification with sodium ethylate a sticky 
material which makes the resulting cholesterol less easily purified 
than when alcoholic KOH is used. Sodium methylate proved less 
satisfactory than sodium ethylate for the saponification of choles- 
tery! allophanate. 

Carbon tetrachloride proved as satisfactory as benzene as a 
solvent in which to form cholesteryl allophanate by the action of 
eyanic acid upon the sterol. 

Sitosteryl Allophanate.—Sitosterol, having a melting point of 137°, 
was prepared by the ordinary method from soy bean oil. The 
yield was 0.1 to 0.12 per cent. Its color reactions and solubility 
agreed with Burian’s description (9). 3 gm. of sitostero] were 








TABLE II. 
Solubility of Sitosteryl Allophanate. 
Temperature Amount 
Solvent. of digestion Time. dissolved in 
mixture. 100 ml. 
<. min. gm. 
ine cn kn aia RAK OX EAE 35-38 10 0.020 
re 40-45 10 Trace. 
RE otto boot or ia Saena weae 60-65 10 0.125 
EE eg re ; 80-81 10 0.107 
MN ee cOG ssw Sa apn aware e eeuee 80-82 10 0.065 
NES iss ic eae ee asta cau eos 90-93 10 0.068 
MU ioe cs nbu'easenes 80-82 10 0.061 
BERR ces eee ree 56-58 10 0.07 
PI oekscveneca~A~e aus 93-95 10 0.220 














treated with cyanic acid gas in benzene according to the pro- 
cedure described for preparing cholesteryl allophanate. The 
separation of the reaction product was accomplished in an analo- 
gous manner. Sitosteryl allophanate is very insoluble in any 
of the ordinary solvents (Table II). Amy] alcohol proved the 
best solvent from which to recrystallize it. The nitrogen content 
by the Kjeldahl method was 30.09 and 30.10 per cent in two 
determinations (theoretical 28.02 per cent), but the manner of 
preparation and the behavior of the substance on hydrolysis 
leave no room for doubt that sitosteryl allophanate, somewhat 
contaminated, was formed. 

On saponification for 1 hour with 10 per cent alcoholic KOH, 
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60 per cent of the sitosterol was recovered in a pure condition 
(m.p. 136-137°). It is very stable toward mineral acids. From 
amyl alcohol it separates as colorless crystals which appear under 
the microscope as pinwheel groups of needles radiating from a 
common center. It melts at 246-247° with slight charring. 





Dihydrocholesteryl Allophanate-—Dihydrocholesterol was _pre- 
pared by the reduction of cholesterol in ethereal solution by hydro- 
gen in the presence of platinum black. We proceeded according 
to the method of Willstiitter and Mayer (10). The product 
melted at 141.5-142°. We had no difficulty in causing 1 gm. of 
cholesterol with 0.1 gm. of platinum black to absorb the theoretical 
amount of hydrogen in 4 to 5 hours, whereas Burian and Mayer, 
using one-third as much platinum black as cholesterol, required 
2 days for saturation of the sample.! The generation of hydrogen 
by means of zine and sulfurie acid can be greatly accelerated by 
placing the zinc in a solution of copper sulfate before using. The 
hydrogen was washed in 2 per cent KMnQ, and concentrated 
pyrogallic acid in 50 per cent KOH before bringing it into contact 
with the sterol. 

Dihydrocholesteryl Allophanote-—This derivative was formed in 
the manner already described for cholesterol. It separates from 
benzene in a pasty mass, on standing overnight. In solubility it 
resembles cholesteryl allophanate (Table III). The yield was 
about 65 per cent of the theoretical. It is readily recrystallized 
from pyridine in hair-like forms. It melts at 255-256°. Like 
the other allophanates of sterols the nitrogen determinations 
tended to run high. Two samples were found to contain 29.76 
and 29.65 per cent of N (calculated 28.02 per cent), indicating that 
it was not entirely pure. 

Dihydrocholestery] allophanate is more readily hydrolyzed by 
10 per cent alcoholic KOH than is cholesteryl allophanate. After 


1 In a study of the quality of different samples of platinum blacks, Dr. 
Tange (unpublished data) has found that the quality can be determined by 
its power to reduce an ethereal solution of p-benzoquinone. At least three 
grades can be distinguished. Some can reduce benzoquinone to hexa- 
hydroquinone, some to hydroquinone, and some preparations produce inter- 
mediate stages of reduction. She attributed the special properties of her 
samples of platinum black to the temperature employed in reducing platinic 
chloride with formaldehyde. 
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1 hour’s hydrolysis practically 100 per cent of the calculated 
amount of dihydrocholesterol was recovered. The sample thus 
recovered melted at 141°. 

Coprosterol.—Coprosterol was prepared from the feces of six- 
teen rats which were fed during 3 weeks exclusively on raw hog 
brains. They consumed about 45 pounds of fresh brain. Each 
day the feces were collected and plaved in 95 per cent alcohol. 
The ether-soluble matter from the feces was obtained by shaking 
repeatedly with ether in a wide mouthed bottle, and decanting 
off the supernatant ether so long as anything was extracted. 400 
gm. of a brownish, semisolid material were thus secured. This 
was saponified in a water bath for 45 minutes by means of 20 per 


TABLE III. 
Solubility of Dihydrocholesteryl Allophanate. 





Temperature | 











Solvent. of digestion Time. | Amount dissolved in 100 ml 
mixture 
| "S min, | gm, 

Ether........... | 35-38 } 10 | 0.010 
Petroleum ether ; | 40-45 | 10 | Practically insoluble. 
Ciy......... | 60-65 ; 10 | 0.0135 
C:HCls...... | 80-81 } 1 | 0.045 
3: | 80-82 10 0.025 
C;H;CHs3...... 90-93 | 10 0.040 
Ethyl alcohol 80-82 10 0.020 


Acetone......... _.| 56-38 | 10 0.007 
Pyridine 96 (about). | 10 0.720 





cent KOH in 95 per cent alcohoi, 200 ml. of the solution to each 
100 gm. of crude lipoid material being used. The alcohol was 
distilled off and water was added to the residue and shakea. Ether 
was then added and shaken to remove the lipoids. 4 portions of 
ether were used. The ethereal extract was washed with water and 
treated with animal charcoal. This removed most of the fecal 
odor and much of the color. From the ethereal solution 30 to 
39 gm. per 100 gm. of feces, of a pale brownish syrup, were secured. 
On crystallizing from 95 per cent alcohol, several fractions were 
separated. On recrystallization colorless crystals were secured 
from each fraction, which consisted of large needles. No typical 


cholesterol crystals could be seen. Eventually, on recrystallizing 
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60 per cent of the sitosterol was recovered in a pure condition 
(m.p. 186-137°). It is very stable toward .uwineral acids. From 
amyl alcohol it separates as colorless crystals which appear under 
the microscope as pinwheel groups of needles radiating from a 
common center. It melts at 246-247° with slight charring. 

Dihydrocholesteryl Allophanate-—Dihydrocholesterol was _ pre- 
pared by the reduction of cholesterol in ethereal solution by hydro- 
gen in the presence of platinum black. We proceeded according 
to the method of Willstitter and Mayer (10). The product 
melted at 141.5-142°. We had no difficulty in causing 1 gm. of 
cholesterol with 0.1 gm. of platinum black to absorb the theoretical 
amount of hydrogen in 4 to 5 hours, whereas Burian and Mayer, 
using one-third as much platinum black as cholesterol, required 
2 days for saturation of the sample.!. The generation of hydrogen 
by means of zine and sulfurie acid can be greatly accelerated by 
placing the zine in a solution of copper sulfate before using. The 
hydrogen was washed in 2 per cent KMnQ, and concentrated 
pyrogallic acid in 50 per cent KOH before bringing it into contact 
with the sterol. 

Dihydrocholesteryl Allophanote.—This derivative was formed in 
the manner already described for cholesterol. It separates from 
benzene in a pasty mass, on standing overnight. In solubility it 
resembles cholesteryl allophanate (Table III). The yield was 
about 65 per cent of the theoretical. It is readily recrystallized 
from pyridine in hair-like forms. It melts at 255-256°. Like 
the other allophanates of sterols the nitrogen determinations 
tended to run high. Two samples were found to contain 29.76 
and 29.65 per cent of N (calculated 28.02 per cent), indicating that 
it was not entirely pure. 

Dihydrocholestery! allophanate is more readily hydrolyzed by 
10 per cent alcoholic KOH than is cholesteryl allophanate. After 


1In a study of the quality of different samples of platinum blacks, Dr. 
Tange (unpublished data) has found that the quality can be determined by 
its power to reduce an ethereal solution of p-benzoquinone. At least three 
grades can be distinguished. Some can reduce benzoquinone to hexa- 
hydroquinone, some to hydroquinone, and some preparations produce inter- 
mediate stages of reduction. She attributed the special properties of her 
samples of platinum black to the temperature employed in reducing platinic 
chloride with formaldehyde. 
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1 hour’s hydrolysis practically 100 per cent of the calculated 
amount of dihydrocholesterol was recovered. The sample thus 
recovered melted at 141°. 

Coprosterol—Coprosterol was prepared from the feces of six- 
teen rats which were fed during 3 weeks exclusively on raw hog 
brains. They consumed about 45 pounds of fresh brain. Each 
day the feces were collected and plaved in 95 per cent alcohol. 
The ether-soluble matter from the feces was obtained by shaking 
repeatedly with ether in a wide mouthed bottle, and decanting 
off the supernatant ether so long as anything was extracted. 400 
gm. of a brownish, semisolid material were thus secured. This 
was saponified in a water bath for 45 minutes by means of 20 per 


TABLE III. 
Solubility of Dihydrocholesteryl Allophanate > 





| 


Temperature 











Solvent. of digestion Time | Amount dissolved in 100 ml. 
mixture | 

c. min. gm. 
Ether........... 35-38 } 10 | 0.010 
Petroleum ether | 40-45 | 10 | Practically insoluble. 
CHOR........ | 60-65 } 10 | 0.0135 
CHCl... | 80-81 } 10 | 0.045 
a ee | 80-82 10 0.025 
C;H;CHs3..... | 90-93 | 10 0.040 
Ethyl alcohol... 80-82 | 10 0.020 
Acetone... ..| 56-58 10 0.007 


Pyridine.... ae _..| 96 (about). 


10 0.720 





cent KOH in 95 per cent alcohoi, 200 ml. of the solution to each 
100 gm. of crude lipoid material being used. The alcohol was 
distilled off and water was added to the residue and shaken. Ether 
was thea added and shaken to remove the lipoids. 4 portions of 
ether were used. The ethereal extract was washed with water and 
treated with animal charcoal. This removed most of the fecal 
odor and much of the color. From the ethereal solution 30 to 
39 gui. per 100 gm. of feces, of a pale brownish syrup, were secured. 
On crystallizing from 95 per cent alcohol, several fractions were 
separated. On recrystallization colorless crystals were secured 
from each fraction, which consisted of large needles. No typical 
cholesterol crystals could be seen. Eventually, on recrystallizing 
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from 90 per cent alcohol, fractions were secured which melted at 
95-96°, 100°, 103-104°, and 110°. The largest fraction melted at 
103-104°. The yield was 7.5 gm. It gave the yellow to orange- 
red color of Salkowski’s reaction. 

Coprosteryl Allophanate-—This was prepared from coprosterol, 
m.p. 103-104°, in the same manner as were other sterol allophan- 
ates. The reaction appears to progress slower than that of the 
other sterols studied, so it was left in the benzene in contact with 
cyanic acid for 2 or 3 days. The odor of cyanic acid still per- 
sisted at that time. Coprostery] allophanate is moderately soluble 
in cold benzene, so it would probably be best to select another 


rABLE IV. 
Solubility of Coprosteryl Allophanate. 





Temperature : , 
amt 4 Amount dissolved 














Solvent. pac cong | Time. in 100 ml. 
<. min. gm. 

Ether.... ; 35-38 10 0.170 
Petroleum ether 40-45 10 0.006 

CHCls... ; {00m. 10, shaken.| 2.000 (about). 
C.H,Cle.. . 80-81 10 2.540 
PW, ; Room. 10, shaken.| 0.320 
C,H, 80-S2 10 2.610 
” Pees Room. 10, shaken.| 0.300 
C.H;CHs. 90-93 10 2.790 
” oie Room. 10, shaken.| 0.225 
Ethy! alcohol.... ...| 80-82 10 0.213 
Acetone. 56-58 10 | 0.223 








solvent. It was filtered off and washed with petroleum ether. 
Finally it was dissolved in a small amount of benzene and filtered 
hot. To the filtrate was added an equal volume of petroleum 
ether. On standing, needle crystals with a silvery luster separated, 
which melted at 210-211°. The yield was about 60 per cent of the 
theoretical. The nitrogen content as determined by Kjeldahl 
analysis was 28.8 and 28.97 per cent (theoretical value 28.02 per 
cent). 

Hydrolysis of Coprosteryl Allophanate-—With 10 per cent alco- 
holic KOH, after 3 hour’s digestion, 80 per cent of the theoretical 
amount of coprosterol in the sample of allophanate was re- 















elted at 
elted at 
orange- 


osterol, 
lophan- 
, of the 
ct with 
ill per- 
soluble 
nother 





lissolved 
ml. 


. 


bout). 


ether. 
iltered 
oleum 
rated, 
of the 
eldahl 
)2 per 


_ aleo- 
‘etical 
is re- 











U. Tange and E. V. McCollum 453 





covered in the characteristic needles melting at 104°. The sub- 
stance is more easily hydrolyzed by 10 per cent alcoholic HCl, 
than any of the other allophanates studied. It was estimated 
that 10 per cent was hydrolyzed by this reagent in 3 hour. Cop- 
rostery! allophanate is easily soluble in chloroform in the cold and 
somewhat less soluble in carbon tetrachloride (Table IV). It 
separated in a gelatinous mass from concentrated solutions in 
carbon tetrachloride. In other cold organic solvents it is not 
readily soluble. Its solubility in hot chloroform is greater than 
that of any other allophanate of a sterol which we have prepared. 
Isocholesterol.—Isocholesterol was prepared from wool fat by 
saponification with sodium ethylate since these lipoids are not 
attacked by alcoholic KOH except when heated under pressure. 
The procedure was the usual one and will not be described. The 
final product was identified as isocholesterol by its crystalline 
form, its melting point, 137~-138°, and its color reactions. 
Isocholzsteryl Allophanate.—Isocholesteryl allophanate was pre- 
pared in the usual manner. After standing for several days at 
room temperature in benzene containing cyanic acid, the white 
mass which separated was mixed with petroleum ether and filtered, 
washed with petroleum ether, then digested several times in 
benzene. The product, freed from benzene, was dissolved in 
cold pyridiae and filtered. Water was added until no more 
precipitate separated. This process was repeated three times 
more. The white product was washed thoroughly with hot water 
to remove pyridine. After drying it was boiled with petroleum 
ether to remove any unesterified isocholesterol. No satisfactory 
solvent was found from which to crystallize this allophanate. 
Nitrogen determinations gave 28.21 and 28,12 per cent as compared 
with 28.02 per cent, the theoretical value. Hydrolysis with 10 
per ceat aleoholic KOH for 1 hour resulted in the recovery of 70 per 
cent of the theoretical amount of isocholesterol. The solubility of 
isocholestery! allophanate differs remarkably from any others we 
have prepared. It is easily soluble in ether, carbon disulfide, 
chloroform, carbon tetrachloride, ethylene dichloride, amy] alcohol, 
and pyridine in the cold. It is completely precipitated from its 
pyridine solution by the addition of water. It is fairly soluble 
in benzene and toluene in the cold, and very readily in the hot 
solvents. From hot benzene solutions it gelatinizes on cooling. 
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It is more sparingly soluble in ethyl and methyl alcohol, and ia 
nitromethane, and is insoluble in petroleum ether. 

Among the cholesterol color tests, the following were applied: 
(1) To a small quantity of the substance about 0.5 cc. of con- 
centrated H»SO, was added. (2) A small amount of a sample was 
dissolved in 1 ec. of CHCl;; then an equal volume of concen- 
trated H.SO, was added (Salkowski reaction). (3) A minute 
quantity of a sample was dissolved in 1 cc. of CHCl; then an 
equal amount of acetic anhydride and 2 or 3 drops of concentrated 
H.SO, were added (Liebermann-Burchard reaction). (4) A small 
amount of a sample was warmed in a porcelain dish with a few 
drops of concentrated HNO;; then the dry substance was mois- 
tened with concentrated NH,OH (Schiff reaction). (5) A smal! 
amount of a sample was triturated in a porcelain dish with a few 
drops of a mixture consisting of 3 volumes of concentrated HCl 
and 1 volume of a 10 per cent solution of ferric chloride. (6) Into 
a small amount of a sample, 1 or 2 drops of SbCl; were added. 
After standing for about 5 minutes, the liquid portion was de- 
canted; then the dark sticky mass was washed with CCl, twice. 
The black mass so obtained was dissolved in CHCl, yielding the 
characteristic cobalt-blue color. 

The results of the color reactions developed in the above tests 
are given in Table V. 

SUMMARY. 


The allophanic acid esters of cholesterol, sitosterol, isocholesterol, 
dihydrocholesterol, and coprosterol have been produced through 
the action of eyanic acid upon the sterol dissolved in benzene. 

The property of dissolving in fat solvents is in great measure 
lost when the sterol is converted into the allophaaate. 

The solubility of these sterols with the exception of isocholes- 
terol in most solvents is so low that recrystallization can be effected 
with very little substance remaining in the mother liquor. 

It appears probable that the allophanic esters of the sterols 
may prove advantageous in the separation of mixtures of sterols, 
and perhaps in the isolation of fat-soluble vitamins. 

The solubilities in a number of ordinary solvents and the ease 
of saponification with alcoholic potassium hydroxide and with 
sodium ethylate have likewise been studied. 
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THE DETERMINATION OF BLOOD SUGAR. II. 


By STANLEY R. BENEDICT. 


(From the Department of Chemistry, Cornell University Medical College, 
New York City.) 


(Received for publication, December 13, 1927.) 


In previous papers (1, 2) we have shown that some of the recog- 
nized blood sugar methods yield figures which are definitely too 
high. As the study of the problem has developed we have been 
led to a somewhat detailed consideration of the possible influence 
of the various factors which may be responsible for the higher 
figures yielded by a method, which, like that of Folin and Wu, is 
apparently so satisfactory. It will be obvious from theoretical 
considerations that any one or more of three factors may contrib- 
ute toward high figures for glucose in the blood. These are (1) 
the presence of non-carbohydrate reducing bodies which affect 
the oxidizing solution employed, (2) the presence of non-glucose 
carbohydrate reducing materials, and (3) the presence in blood 
filtrates of one or more substances capable of causing an alteration 
in the copper complex employed, so that the copper may be more 
readily reduced by glucose or other reducing materials present. 
Of these three possible sources of error, that of the presence of 
non-carbohydrate reducing bodies is the one generally regarded 
as of most moment, though Folin and Svedberg (3) and Sjollema 
(4) have recently come to the conclusion that blood contains very 
appreciable quantities of non-glucose reducing carbohydrates. 

In order to determine, if possible, how much of the error in the 
Folin-Wu method is due to non-fermentable reducing material, 
attempts were made to prepare a copper reagent which is little 
affected by non-carbohydrate reducing bodies such as might 
reasonably be expected to occur in the blood. After many trials 
& copper reagent was prepared which is much less affected by 
creatinine, uric acid, resorcinol, . pyrocatechin, etc., than is 
any other copper reagent with which we are familiar. Though 
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we do not employ this reagent for blood or urine sugar determina- 
tion, it may be of interest to record its formula. The reagent, 
which we have termed Reagent C, has the following composition: 
Rochelle salt 100 gm., sodium citrate 100 gm., sodium acetate 200 
gm., sodium carbonate 25 gm., copper sulfate 5 gm. 2 ce. of the 
reagent are treated with 2 drops of 6 per cent sodium bisulfite and 
heated with an equal volume of the unknown solution in a Folin- 
Wu sugar tube as usual, for 7 minutes. After cooling, the mixture 
is treated with the tungstic acid color reagent (2). When freshly 
prepared, Reagent C shows scarcely 0.1 as much reduction in 
proportion to the reduction given by glucose as does the Folin- 
Wu reagent, and only about 0.3 as much as does the new Folin 
(5) reagent. With resorcinol, pyrocatechin, uric acid, and pyruvic 
acid results quite parallel to those with creatinine are obtained. 
Apparently such a reagent should be useful in connection with 
blood and urine analysis. Yet experiments very promptly showed 
that Reagent C was of no service here. On the contrary, figures 
obtained for blood sugar with Reagent C were usually appreciably 
higher than those given by the Folin-Wu reagent. When applied 
directly to urine, Reagent C gave figures for sugar very much 
lower than those obtained with any other copper solution when 
so used, but when applied to the Lloyd’s filtrates from urine, the 
reagent yielded high figures. 

These peculiar results obtained with Reagent C appear to deserve 
some discussion. They would seem effectively to dispose of the 
view that non-carbohydrate reducing materials constitute the 
only serious source of error in blood sugar determinations. In- 
deed we believe that such results offer definite evidence in favor 
of the third source of interference above suggested; viz., that blood 
filtrates may contain one or more substances capable of affecting 
the dissociation of the copper complex employed, so that the 
copper becomes more readily reduced by one or more of the 
reducing materials present in blood. This view first suggested 
itself as a result of finding that the citrate concentration in our 
former reagent (2) had to be very great before it was effective in 
yielding lower blood sugar figures. It is indeed a very simple 
matter to demonstrate that blood filtrates contain materials 
capable of affecting the condition of the copper. If in any alkaline 
copper solution, containing about 5 gm. of copper sulfate per 
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liter, the Rochelle salt is reduced to about 6 gm. per liter, or barely 
enough to hold the copper in solution in the cold, and such a solu- 
tion be used for blood sugar determination, it will be found that 
figures more than 100 per cent too high may be obtained. In 
such determinations most of the copper precipitates as the black 
oxide in the standard tube and the total amount reduced is very 
little, while in the blood filtrate tube much of the copper remains 
in solution and a much larger amount is reduced. Clearly the con- 
dition of the copper is here influenced by substances other than 
glucose in the blood filtrate. Folin has secured low blood and 
urine sugar figures by the use of a copper reagent of very low 
alkalinity. Yet it can be readily shown that the degree of alkalin- 
ity is not, per se, a controlling factor. If in Folin’s new reagent 
the tartrate be replaced by 10 gm. of sodium citrate, but without 
other change in the formula of the reagent, it will be found that 
such a citrate reagent will yield results many times too high. 
Reduction in the standard tube is here very slight, while in the 
blood filtrate it is relatively great. Obviously the copper citrate 
complex is here broken up in the blood filtrate, and a more readily 
reduced copper derivative is formed. 

As a result of the above findings we were led to study the possible 
usefulness of a great variety of hydroxy compounds in relation to 
the use of copper in blood sugar determination. This work finally 
led to the conclusion that if one is limited to the use of a single 
hydroxy compound, the tartrate is probably the best available. 
In this connection we may, however, note the interesting finding 
that when the salt of racemic tartaric acid is employed, the copper 
reagent obtained is proportionately much less reduced by creatinine 
than is a reagent prepared from the ordinary dextro-tartrate. 
The racemic form offers little or no practical advantage over the 
dextro form in blood or urine work. The work did, however, 
afford repeated confirmation of the effect of the blood filtrate 
upon the copper complex. Hence we were led to study the effect 
of the addition to a copper tartrate reagent of some nitrogenous 
compounds of a type which may be present in blood filtrates. 
In this connection a number of guanidine derivatives, purine 
bodies, and amino acids were used. We were unable to find any 
compound which, when added to the copper reagent in anything 
like the quantity which might oceur in blood, would be effective 
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in yielding a reagent which would give lower blood sugar figures, 
We did find however, that any one of several amino acids, 
when added to a suitable tartrate reagent, will yield a very 
satisfactory solution for blood sugar determination. Apparently 
if the other factors are properly met in construction of the tartrate 
reagent, the amino acid yields a copper complex which is essentially 
unaltered by constituents of the blood filtrate. Alanine was the 
amino acid adopted. It is very effective, and the cost of the 
quantity employed in the reagent (10 gm. per liter) is not prohibi- 
tive. It would seem that if an appreciable market develops for 
alanine the cost should be appreciably lessened. In the formula 
for the new reagent given below it will be noted that in addition 
to alanine two other compounds are employed which are not usu- 
ally present in alkaline copper reagents. These are sodium nitrate 
and sodium bisulfite. Their use requires a few words of explana- 
tion. During a detailed study of our citrate reagent (2) it was 
found that the large excess of citrate acts in a dual capacity. A 
considerable portion is required to hold the copper in a stable 
combination, but much of the citrate in that reagent can be re- 
placed by the sodium salt of any one of a number of different 
acids. Thus one-half or more of the citrate in our former reagent 
may be replaced with acetate, sulfate, or nitrate, without appreci- 
able effect upon the results obtained. The most probable explana- 
tion of this finding appears to be that the great excess of sodium 
ions in the solution depresses the dissociation of the sodium car- 
bonate present, thus yielding a solution of high potential 
alkalinity but of relatively low hydroxyl ion content. In such a 
solution the rate of reduction of the copper by sugar and by nitrog- 
enous compounds is markedly reduced. If sulfite is present the 
sugar will, however, give practically its full original reduction 
value, though sulfite has very little effect upon the reduction by 
the non-glucose compounds. 

Our new reagent, like that of Folin, does not retain its specificity 
for sugar when kept ready mixed in contact with air. While 
Folin believes that the change in his reagent is due to loss of carbon 
dioxide, we are of the opinion that in the case of his reagent, as 
well as our new one, the deterioration is due to spontaneous 0xi- 
dation which occurs when such solutions are left in contact with air. 
A portion of the tartrate is oxidized under such conditions, and we 
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r figures, believe that it is this change which alters the specificity of the 
no acids, Ff reagents. We have carried out some rather detailed experiments 
| @ very which favor this interpretation, but the question involved seems 
parently hardly of enough practical import to warrant their detailed con- 
tartrate sideration. Though our new reagent would probably keep in 
sentially completely filled and tightly stoppered bottles, it has seemed safer 
> was the and more convenient to provide for keeping the reagent in the 
t of the form of two solutions, which are mixed in equal volumes within a 
prohibi- day or two of being used. A filled bottle is no longer full after 
‘lops for it has been used for even a single determination, and we believe 
formula that keeping the reagent in the form of two solutions is a simpler, 
addition safer, and more convenient practice. As two solutions the new 
not usu- reagent will keep for at least 5 months, and probably much longer. 
n nitrate The new reagent has the following composition. 

explana- 

) it was Solution A. - 

city. A Copper sulfate (crystallized)..................ssseeeeee 4.0 

a stable EL oe A EE ER Ee ee 150 

n be re ro -oamagt = ‘ cae iaerre soltentaines nkiina eae » 

* Hoc g ) é > (8 A ous . ~) 
lifferent Distilled ours ; a pal 
reagent 
appreci- Dissolve the nitrate, carbonate, and alanine in about 300 cc. 
xplana- of warm water. Dissolve the copper sulfate separately in about 
‘sodium 50 ec. of water and add to the other solution with shaking. Cool 
um car- and dilute to 500 ce. 
otential 
such a Solution B. Pm 
’ nitrog- NR Sr ag oe a cean a cangahareeneeners 150 
ent the Rochelle ee ern epee eee 25 
duction Distilled water to make 500 cc. 
tion by In addition to these two solutions a 4 per cent solution of sodium 

bisulfite is required. This solution should be prepared fresh once 
»cificity every 4 to 6 weeks. 

While For use, equal volumes of Solutions A and B are mixed, and for 
carbon each ce. of the mixture 1 drop of the sodium bisulfite solution is 
ent, a8 added, and the solution mixed. A very simple routine which we 
us OXF have adopted in connection with the use of the new reagent is as 
ith air. follows: In a glass graduate enough of equal volumes of Solutions 


and we A and B is mixed to make approximately as much of the reagent 
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as will be used up within a day ortwo. To each cc. of the mixture 
1 drop of the bisulfite solution is added (or 1 ce. of bisulfite solu- 
tion for each 20 ec. of the mixed solution). The fully mixed soly- 
tion may be used for 2 days, but should not be kept longer. 

For the sugar determination 2 cc. of the mixed reagent are 
introduced into a Folin-Wu sugar tube followed by 2 ce. of the 
1:10 Folin-Wu blood filtrate. The tube is shaken laterally and 
placed in boiling water for 10 minutes, together with a tube con- 
taining the reagent and standard glucose solution as usually em- 
ployed. After heating for 10 minutes the tubes are placed in 
cold water until cool, and then each is treated with 2 ec. of the 
color reagent. Dilution and mixing are carried out as usual.! 

Color Reagent.—As there is in the new copper reagent no excess 
of a salt of a weak organic acid, we have returned to the use of 
phosphomolybdie acid for color development. Folin’s new color 
reagent (5) may be used, though we have employed the following 
reagent, which is readily prepared and yields very satisfactory 
results. Place 150 gm. of pure molybdie acid (which must be 
essentially free from ammonia) in a large Erlenmeyer flask and add 
75 gm. of pure anhydrous sodium carbonate. Add water in small 
portions, with shaking, until about 500 cc. have been added, 


1 During the use of the colorimetric copper methods more or less diffi- 
culty may arise due to accumulation of bubbles of carbon dioxide under the 
colorimeter plunger, particularly in the side containing the standard solu- 
tion, when this same solution is employed for several readings. Because 
of the low total carbon dioxide content of the new reagent, this occurrence 
is not socommon. Where very much time is taken to make the readings, 
however, this trouble may develop. Accumulation of carbon dioxide 
under the plungers may be prevented or greatly minimized by vigorous 
shaking of the solution during the mixing, with removal of the stopper 
after each shaking to permit escape of carbon dioxide. Where the dilu- 
tion of the final solution is small (in the case of fermented blood filtrates 
we usually do not dilute at all before the reading), accumulation of carbon 
dioxide during the reading must be prevented by special means. The 
following simple technique is effective. Connect to a suction pump a short 
glass tube which passes through a rubber stopper which fits the Folin-Wu 
sugar tubes. After addition of the color reagent turn on the suction and 
insert the stopper in the tube for a moment while the tube is shaken from 
side to side or tapped vigorously. Ina few seconds so much of the carbon 
dioxide is removed by the reduced pressure that there is no danger of diffi- 
culty from this source during the reading. Some may prefer to use this 
simple routine in all the sugar determinations. 
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Shake thoroughly and heat the mixture to boiling or until nearly 
all of the molybdic acid has dissolved. An appreciable amount 
of insoluble material remains, which is filtered off. The residue 
on the filter is washed with hot water until the total volume of 
filtrate and washings is about 600 cc. Add 300 ce. of 85 per cent 
phosphoric acid to the total filtrate, cool, and dilute to 1 liter. 
This solution dissolves cuprous oxide very promptly, so that dilu- 
tion may be made practically at once after its addition. The 
color reagent has a slight yellow color when viewed in large volumes. 
This color is, however, so faint that it is unobjectionable even in a 
blank determination. Hence we have not endeavored to secure 
a perfectly colorless solution by the use of oxidizing agents. 

The new method yields very satisfactory proportionality pro- 
viding the unknown does not read more than twice or less than 
one-half as much as the standard. Thus, with the standard 
solution set at a height of 15 mm., readings may be considered as 
satisfactory which fall between 8 and 30 mm. _ It should be noted 
that in the new method, as in some of the older ones, the copper 
content is not great enough to provide for the reduction given by 
very large quantities of sugar. Thus if the blood sugar exceeds 
300 mg. per 100 cc., it is better to make another determination 
with use of diluted filtrate. Where very weak sugar solutions are 
used it is best to dilute to only 12.5 ec., or even less. The new 
reagent has enough excess carbonate content to neutralize the 
acidity of all ordinary blood filtrates, so that it is quite unnecessary 
to neutralize these before making the determination. Any 
solutions which have an acidity greater than 0.012 n or which are 
markedly alkaline, should be neutralized before making the 
sugar determination. 

We may now consider the results obtained with the new reagent, 
with special reference to human blood. In general it may be 
stated that recovery of glucose added to blood is very satisfactory 
by the new method, and that figures for the blood sugar are 
quite appreciably lower than those obtained with the Folin-Wu 
method or with the present writer’s previous copper reagents 
(1, 2). Comparison of figures by the new method with those 
obtained through use of the new Folin procedure has not been 
possible, due to the fact that our blood samples contained quite 
appreciable amounts of potassium oxalate. Folin called atten- 
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tion to the interference of oxalate in the application of his method. 
So marked is this interference that we are doubtful whether the 
Folin procedure can be successfully applied to the average hospital 
blood samples, most of which are quite freely oxalated to prevent 
coagulation. 

In testing the accuracy of the new method we have made use 
of what is, we believe, a new criterion of the adequacy of a blood 
sugar method. Not only have we studied recovery of sugar added 
to fresh blood, but we have extended this work to include recovery 
of glucose added to the filtrate from fermented or autolyzed blood. 
It would seem that, other things being equal, a method should be 
considered most accurate which most nearly recovers glucose 
added to the filtrate from fermented blood, without regard to the 
residual reduction which such filtrates may show before addition 
of glucose. 

Since we employed yeast fermentation and glycolysis (particu- 
larly the former) quite extensively in the present work, it seems 
desirable to discuss some of the factors which came up in con- 
nection with this part of the work. Studies of the residual 
reduction of blood after yeast fermentation have been reported 
from time to time for many years. The most notable advance 
in this field was, however, made by Van Slyke and his collabora- 
tors (6) who reported that in the presence of liberal quantities of 
yeast the time necessary for complete fermentation may be re- 
duced to 20 minutes. This finding has greatly increased the 
general usefulness of yeast fermentation in connection with blood 
and urine studies. Folin and Svedberg (3), employing tungstic 
acid blood filtrates and a liberal amount of yeast, found that the 
fermentation time could be further reduced to 7 minutes at in- 
cubator temperature. Very recently Somogyi (7) has reported 
that yeast will instantaneously remove sugar from diluted blood 
during the precipitation of the proteins with tungstic acid. If 
correct, this observation would be of considerable theoretical and 
practical significance. Experiments have, however, shown that 
Somogyi was in error in reaching the conclusion he did because he 
failed to recognize that yeast continues its fermenting action upon 
glucose after addition of the sodium tungstate and sulfuric acid. 
If Somogyi’s directions are closely followed except that the blood- 
yeast mixture is filtered at once after addition of the sodium tung- 
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state and sulfuric acid, it will be found that the first portion (3 ec.) 
of filtrate contains a large proportion of the glucose originally 
present in the blood, while succeeding portions of filtrate contain 
less and less of the sugar. Again, if the entire procedure suggested 
by Somogyi be carried out at 3°, with cooled solutions, every 
operation, including filtration, being performed in the refrigerator, 
there is no loss of sugar from the filtrates so obtained. Obviously 
then, there is no precipitation of the glucose with the yeast.? It is 
also evident that success may not always attend the procedure 
advocated by Somogyi for glucose removal from blood unless 
conditions are more closely controlled than Somogyi indicated. 
In making use of yeast for removal of glucose from blood our 
first efforts were directed toward securing as low a blank as possible 
from the yeast itself. We were thus led to adopt a procedure of 
washing the yeast with distilled water by means of the centrifuge. 
Somogyi (7) has recently reported a quite similar procedure. 
Our technique for obtaining yeast which yields no appreciable 
blank is as follows: 6 to 7 gm. (about 0.5 cake) of fresh Fleisch- 
mann’s yeast are thoroughly stirred and shaken with about 40 cc. 
of water in a 50 cc. centrifuge tube and the mixture centrifuged 
for about 3 minutes. This procedure is twice repeated, the super- 
natant fluid being poured off each time as completely as possible 
after centrifugation. The third washing yields a supernatant 
fluid only faintly opalescent, and it will be found that if the yeast 
remaining after this fluid is poured off be suspended in distilled 
water it will ferment dilute solutions of glucose quickly and with- 
out leaving a blank equivalent to more than about 1 mg. of glucose 
per 100 cc. of blood. Such blanks may be disregarded. As will 
be noted below, we prefer to carry out the fermentation upon the 
original blood. If, however, it is preferred to ferment the tungstic 
acid filtrate, as suggested by Folin and Svedberg, centrifugation 
is preferable to filtration for removal of the yeast. With the 
washed yeast, clear filtrates can be obtained without addition 
of kaolin (Folin and Svedberg) but the filtration is slow. Use of 
kaolin should be avoided as we have noted that it removes a small 


* In a personal communication to the writer Dr. Somogyi has stated 
that subsequent work upon the question has led him to complete agreement 
with this statement. | 
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amount (about 2 mg. per 100 cc. of blood) of the residual reducing 
material. 

A source of error in the determination of blood sugar, and one 
which may be of some significance in connection with determina- 
tions when the total amount of reducing material present is small, 
is the soluble reducing material present in ordinary filter paper, 
Apparently this source of error has not hitherto received considera- 
tion. Folin and Svedberg advised the use of quantitative filter 
paper in connection with fermentation studies on blood filtrates, 
but we question whether they had investigated in any detail the 
point involved here. All of the filter papers which we have exam- 
ined are apparently sized with starch which contains some soluble 
reducing material. Pouring some distilled water through a filter 
paper and testing some of this filtrate by the Folin-Wu method 
and comparing with the blank obtained from the same distilled 
water unfiltered, will serve to show the possible practical signif- 
cance of the point here involved. With some filter papers increase 
in the blood sugar due to filtration may amount to only | to 2 
mg. per 100 ce. of blood. With other filter papers, or if the total 
volume filtered is small, the error involved may well be more than 
double this figure. According to our experience the quantitative 
ashless filter papers are more heavily sized than are the ordinary 
qualitative papers, and yield considerably more reducing material. 
The difficulty is completely eliminated if, prior to use, the filter 
papers are washed (in a funnel) by pouring a moderate amount of 
water through them, and are then dried in an air bath. In con- 
nection with ordinary blood sugar determinations the error due 
to the filter paper may of course be disregarded. In studying 
reduction after fermentation or after glycolysis, this factor may 
be of practical importance. The same holds true in studying the 
glucose content of blood after insulin has been used. While we 
have not as yet studied the following point, we are of the opinion 
that the soluble carbohydrate material of filter paper may con- 
tribute, under some conditions, to the rotation or hydrolysis 
values of blood filtrates. It would seem desirable that some 
manufacturer put on the market a filter paper free from all soluble 
carbohydrate material, 

In our earlier fermentation experiments we adhered essentially 
to the procedure suggested by Folin and Svedberg, save that we 
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used washed yeast and employed centrifugation alone for removal 
of the yeast in place of kaolin and filtration. Later on we em- 
ployed the following technique for fermentation, which is essen- 
tially a development of Van Slyke’s findings along the lines already 
reported by Somogyi (7). 0.5 cake of fresh Fleischmann’s yeast 
is washed three times with water by centrifugation as described 
above, and suspended by means of vigorous shaking in enough 
water to make a total volume of 50 ce. 7 volumes of this yeast sus- 
pension are added to 1 volume of blood in a flask, and the mixture 
is shaken gently to insure thorough mixing. The mixture should 
now be warmed slightly by shaking for a moment several inches 
above the flame of a Bunsen burner. If room and solutions are 
moderately warm this warming is hardly necessary, and in any 
event the mixture should feel only slightly warm to the hand. 
The mixture is allowed to stand for 15 minutes, and then 
treated with sodium tungstate and sulfuric acid as usual. Filtra- 
tion is made through a filter paper which has previously been 
washed in a funnel and dried in an air bath as suggested above. 
The blank in this technique can be safely disregarded. We feel 
that the procedure is as simple and rapid as is consistent with 
assurance of dependable results. Glycolysis for a period of 10 
hours at incubator temperature was employed with some animal 
bloods. Figures obtained here for the residual reduction averaged 
slightly lower (2.5 mg. per 100 ec. of blood) than for the same sam- 
ples after fermentation. Glycolysis should not be employed in 
connection with oxalated bloods, since oxalate will usually so 
retard the sugar destruction in this process that the results are of 
no value. 

In Table I are recorded analyses for ten samples of human 
blood by the new technique and by the method of Folin and Wu. 
Recovery of added sugar was tested before and after fermentation, 
and figures for the residual reduction after yeast fermentation are 
recorded for the two methods. It will be noted that the new 
method recovers sugar added to the blood satisfactorily, and that 
figures for the blood sugar by the new process average over 20 mg. 
per 100 ce. of blood lower than by the Folin-Wu technique. _Dif- 


>We are very much indebted to our colleague, Dr. Ralph C. Stillman, 
of the New York Hospital for his continued kind cooperation in supplying 
us with a large number of blood samples for study. 
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ferences in the residual reduction by the two methods average less 
than 10 mg. per 100 ce. of blood. Folin and Svedberg noted that 
the differences between the residual reduction obtained by the 
Folin-Wu methods and the new Folin method were frequently 
very much less than the differences found in the original bloods by 































TABLE I, 


Sugar Values for Human Blood Samples before and after Fermeniation, with 
and without Added Glucose. 


Figures are in terms of mg. of glucose per 100 cc. of blood. 
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* 300 mg. of glucose added. 


the same methods. Hence Folin and Svedberg concluded that 
many of the bloods which they examined contained very appreci- 
able quantities of a non-glucose fermentable sugar. On the same 
basis of reasoning we should reach a similar conclusion in regard 
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to the bloods we examined, since the difference by the new method 
and the Folin-Wu procedure averages scarcely one-half as great 
after fermentation as before. Yet the results obtained in the 
study of recovery of sugar added after fermentation show that 
such an inference of the presence of non-glucose fermentable sugar 
is not warranted. After addition of glucose to the fermented 
filtrates, total sugar found by the Folin-Wu method is quite as 
high compared with the new procedure as it was in the original 
blood. 

Apparently in presence of glucose the residual reducing material 
is without effect when the new method is employed, while with 
the Folin-Wu method the figure obtained after addition of glucose 
to the fermented blood fully equals the sum of the residual reduc- 
tion plus the added glucose. Indeed in the case of the Folin-Wu 
method there is a tendency to even higher figures than would be 
accounted for by addition of the two reduction values when 
determined separately. Most of the analyses reported by Folin 
and Svedberg were carried out upon diabetic bloods of high sugar 
content. We have studied very few of such bloods and it is quite 
possible that they may contain non-glucose fermentable sugar. 
Nevertheless, it should be remembered that if one assumes a 
tendency for one method (Folin-Wu) to give a higher figure for 
glucose which increases even a little with increase in the absolute 
amount of glucose present, while the other method (Folin) tended 
to give results even slightly below the actual amount of glucose 
present, the difference by the two methods would become more 
marked with increase in the total amount of sugar present. In our 
examination of over forty samples of human blood we were 
unable to find: any indication of the presence of non-glucose 
fermentable sugar. Hence we are led to question the existence 
of appreciable amounts of such sugar in human blood. 

The next to the last column of Table I shows that the recovery 
of glucose added to filtrates of fermented blood is very satisfactory 
by the new procedure. No interference is apparent from the non- 
fermentable reducing materials of the blood. We may therefore 
conclude that for non-nephritic bloods, at any rate, the new 
method gives figures which represent very closely the true glucose 
content of such bloods. The technique of any method which 
may give still lower figures for the blood sugar than does the new 
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procedure must meet the test of recovering not only glucose added 
to the original blood, but must also be studied in relation to the 
recovery of glucose added to filtrates from fermented blood. 


SUMMARY. 


A new technique is presented for blood sugar determination 
which appears to indicate very closely the true glucose content of 
the blood. 

For human bloods the Folin-Wu technique yields figures for 
the blood sugar which average about 22 mg. per 100 ce. of blood 
too high. 

A modified technique for the rapid fermentation of blood by 
means of yeast is presented. 

A new criterion for testing the accuracy of blood sugar methods 
is suggested. 

Results of analyses of forty samples of human blood indicate 
that such blood does not contain appreciable quantities of any 
fermentable sugar other than glucose. 
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There is a marked similarity. between blood and synovial fluid 
with respect to the concentration of certain diffusible constit- 
uents. This was shown in the results of a series of analyses of 
non-septic synovial fluids from cases of chronic arthritis with 
joint effusion (1). The concentrations of glucose, lactic acid, 
carbon dioxide, hydrogen ions, non-protein nitrogen, uric acid, 


sodium chloride, and calcium in these synovial fluids were the 
same as are normally found in blood with few exceptions. 1t was 
also shown that, following the ingestion of 100 gm. of glucose, 
there was an immediate rise in the concentration of sugar in the 
synovial fluid and this rise paralled the rise of blood sugar. Higher 
levels of sugar were found in the synovial fluid than in the venous 
blood with which it was compared. These observations led to the 
conclusion that diffusible substances pass readily from blood to 
synovial fluid. The quantitative relationship of sodium chlo- 
ride and protein in blood and synovial fluid was studied by 
Fremont-Smith and Dailey (2). They compared this fluid with 
blood plasma obtained at the same time. These authors found 
that the higher chloride and lower protein content of synovial 


“The work here reported is part of a series of studies on chronic 
arthritis in collaboration with Robert B. Osgood, M.D., of Boston. The 
expenses of this investigation were defrayed by contributions from several 
sources, including a number of patients. 

An abstract of this paper was presented before the American Society of 
Biological Chemists at Rochester, N. Y. (Proc. Am. Soc. Biol. Chem., 1927, 
vil, 22). 
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fluid could be satisfactorily explained by assuming that a simple 
membrane equilibrium exists between blood plasma and synovial 
fluid. 

Our work on synovial fluid has been extended and the results 
may be conveniently grouped under these three heads: (1) a 
further comparison of synovial fluid with blood plasma with 
special reference to the concentration of the diffusible nitrogenous 
constituents; (2) a fractionation of the proteins of synovial 
fluid and a comparison of the albumin and globulin distribution 
with that in plasma; (3) an experimental demonstration of the 
probable cause of the high acidity and low glucose concentration 
commonly encountered in septic synovial fluids. 


Methods. 


The material for these studies was obtained from cases of joint 
effusion on the men’s medical ward.'! In each case the knee joint 
was involved and the specimens of synovial fluid were obtained 
by aspiration of this joint. Immediately following aspiration 
of the joint, a blood sample was secured from an arm vein. The 
specimens of synovial fluid were centrifuged and all determina- 
tions were made on the clear supernatant fluid. Either plasma or 
serum was used for analysis. Except when otherwise stated no 
unusual precautions were taken to prevent exposure of the speci- 
mens to the air. 

The following methods of analysis were used. Glucose, non- 
protein nitrogen, amino acid nitrogen, and chlorides were deter- 
mined on atungstic acid filtrate according to the methods employed 
in the Folin-Wu system of blood analysis (3). Van Slyke and 
Cullen’s method was used for the determination of urea nitrogen 
(4). The relative viscosity was measured with a Hess viscosimeter 
and the results were corrected to 20°. The albumins and globv- 
lins were separated by salting out with a 22.4 per cent sodium 
sulfate solution at 37°, according to the procedure described by 
Howe (5). Nitrogen determinations were made by the Gunning- 


1 The authors are indebted to Dr. Joseph Sailor for permission to utilize 
these cases which were on his service; and to Dr. J. G. Ross, at that time 
resident physician on the medical wards, who performed the joint and 
vein punctures. We are also indebted to Dr. J. T. Rugh for Fluid 10, 
which he obtained from a case of villous arthritis. 
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Arnold modification of the Kjeldahl method. The mucin-like 
protein, characteristic of synovial fluid, the serosamucin of von 
Holst (6), was determined as follows: 3 cc. of clear synovial fluid 
were diluted with an equal volume of 0.8 per cent sodium chloride 
solution, then 0.5 ee. of 7 N acetic acid was added. The mucin was 
insoluble in the approximately 0.5 N acetic acid solution that 
resulted. The precipitated protein was removed by filtration, 
washed, and its nitrogen content determined either directly by 
analyzing this precipitate or indirectly by analyzing an aliquot 
part of the mucin-free filtrate. Von Holst found that this protein, 


TABLE I. 
Concentration of Diffusible Nitrogenous Constituents in Synovial Fluid and 
Plasma in Cases of Joint Effusion. 





Non-protein N. | Urea N. | Aminoacid N. | Sodium chloride 


Plasma. | Fluid. | Plasma. Fluid. | Plasma.| Fluid. | Plasma.| Fluid. 








| | 
mg. per | mg. per 


mg. per | mg. per | mg. per | ma. per | mg. per | mg. per 
100 cc. | 100 ce. 


100 cc. | 100cc. | 100cc. | 100cc. | 100 ce. 100 cc. 
| 23 27 =| 20 | | 569 | 573 
| 586 
16 5. § 0 590 | 597 
j 594 | 603 
569 623 


18 
| 21 22 | 13 ; 8 571 


|20 | 22 
29 27 

30 33 
| 526 | 578 
| | ’ 551 592 
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549 604 


© oo 
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| 13 16 
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32 





Average....| 26.2 | 26.1 15.8 | 15.8 | 5.6 5.9 | 565 595 





precipitated from synovial fluid by acetic acid, contained on an 
average 13.27 per cent nitrogen. Hence the factor N X 7.54 
was used in calculating the quantity of mucin. The factor 
N X 6.25 was used in calculating total proteins, albumin, and 
globulin from nitrogen determinations. 


Results. 


I. The Concentration of Diffusible Nitrogenous Constituents in 
Synovial Fluid and Plasma.—The results presented in Table Ishow 
that almost identical values for urea nitrogen, non-protein nitrogen, 
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and amino acid nitrogen were found in synovial fluid and in blood 
plasma. Our earlier results (1) indicated that uric acid also js 
present in synovial fluid in the same concentrations as in blood 
The conclusion that diffusible nitrogenous constituents are equally 
distributed between synovial fluid and plasma seems justified, 
Higher concentrations for chlorides were found in synovial fluid 
than in plasma. This finding is in agreement with that of Fre 
TABLE II. 


Albumin, Globulin, and Mucin Content of Synovial Fluid and Plasma in Cases 
of Joint Effusion. 





| | 





Total pro- 
teins (total N Albumin Globulin A:G Mucin Relative 
Vax (N X 6.25). | (N X 6.25). ratio. |(N xX 7.54).| bere 
Fluid No. om). | 
- pe |e |e |e) ee lei e ie) alae 
per per per per per | per per | per 
cent cent cent cent cent | cent | cent | cent 
1 7.38 |5.83 [4.18 |3.72 |2.09 |1.58 | 2.0) 2.4 0. 63/2.24/4. 11 
2 7.29 |5.44 \4 04 |2.88 |1.91 |2.16 | 2.1] 1.3 0. 48/2. 41'3.42 
3 7.46 |5.05 |3.88 |3.43 [2.05 |1.14 | 1.9] 3.0 0. 59/2.37\2.91 
4 6.82 |4.85 |3.58 |3.23 2.23 |1.22 | 1.6) 2.6 0. 48/2. 40/2.95 
5* — |5.29 |1.39 [3.17 |1.03 |2.12 |0.025| 1.5)41.0] —_0.42/1.5844.71 
6 [6.13 |3.54 [3.50 /2.73 |1.67 [0.31 | 2.1) 8.8) 0. 41/2.284.46 
7 6.31 |3.98 |3.38 |2.88 |1.86 |0.60 | 1.8) 4.8 0. 63/2. 16)4.79 
8 7.61 |6.02 |3.79 |3.14 | 2.45 11.3 0.52|2.32/4.74 
10 5.46 | 2.58 2.14 1.2 0.51 4.78 
11 3.79 2.26 0.99 2.3 0.65} {4.56 
12 5.76 : 11.5 0.64} 3.8 


ad 
| & 
bo 
S 


Average ..|7.00 |/4.97 [3.76 |3.00 {1.97 |1.47 | 1.9 2.0 0.55/2.31/4.08 











* Anasarca; not included in the average. 


mont-Smith and Dailey (2). In addition they showed that the 
higher chloride concentration in synovial fluid is referable to the 
low protein content of this fluid. Apparently there is a ready 
exchange of diffusible substances between plasma and synovial 
fluid, at least in those pathological conditions exhibiting joint 
effusion. 

IT. The Albumin and Globulin Distribution in Synovial Fluid and 
Plasma.—The results of the fractionation of the proteins of syn0- 











nd in blood 
cid also js 
Ss in blood 
are equally 
$ justified, 
ovial fluid 
iat of Fre- 


ma in Cases 





| Relative 
Viscosity 
4).| at 20°, 


ae | 


| Plasma. 


| Fluid 


; 

‘| 
33/2. 2414.11 
18/2. 413.62 
9/2. 37/2. 91 
8)2. 40/295 
2/1. 58}4.71 
1/2. 28/4. 46 
3/2. 1614.79 
2/2. 32/4. 74 
1} (4.78 
5] (14.56 
A) 3.8 


52.31/4.08 





that the 
le to the 
a ready 
synovial 
ng joint 


luid and 
of syno- 











F. A. Cajori and R. Pemberton 475 


vial fluid and plasma with sodium sulfate are given in Table II. 
The total globulin content was found to vary more in different 
synovial fluids than in plasma. Sodium sulfate, in the concentra- 
tion used, precipitates several proteins, as Howe has shown (5), 
and variations in one or more of these fractions will affect the 
total globulin content. The albumin-globulin ratio is higher in 
synovial fluid than is usually encountered in plasma. This was 
particularly noticeable in the synovial fluid from a case of anasarca 
of cardiac origin (Fluid 5). This fluid, in its low protein content 
resembled edema fluid, which probably in large part it was, as 
there was nothing to suggest synovitis. 

The mucin-like protein, precipitated from synovial fluid by 
acetic acid, was found to be present to the extent of about 0.5 per 
cent. Similar concentrations of this mucin in synovial fluid were 
reported many years ago by von Holst and other German investi- 
gators of this protein (6). When a drop of acetic acid is added to 
synovial fluid and the stringy mucin removed, the viscosity of the 
fluid falls to levels lower than plasma viscosity. For example, 
after such treatment the viscosity of Fluid 11 fell from 4.56 to 1.63, 
that of Fluid 12 from 3.85 to 1.78, and that of Fluid 3 from 2.91 
to 2.18. The high viscosity of synovial fluid seems referable to the 
presence in it of this mucin. The synovial fluid of the case of ana- 
sarca (Fluid 5) had a high viscosity as a result of a mucin content 
of 0.42 per cent, although its total protein content was low. 

In addition to albumins, globulins, and mucin, synovial fluid 
contains fibrinogen occasionally, and soft clots form when such 
fluids are allowed to stand. Three of the fluids of the present 
series contained fibrinogen. On analysis for fibrin, determined 
according to Howe’s method (5), they yielded the following results: 
Fluid 6, 0.16 per cent, Fluid 10, 0.32 per cent, and Fluid 7, 0.50 
per cent. 

IIT. Experiments Relating to the Low Sugar Content and High 
Acidity of Septic Synovial Fluids.—Purulent synovial fluid differs 
chemically from non-septic fluid in two important respects. Boots 
and Cullen (7) have shown that such synovial fluids are acid, 
whereas non-septic fluids have an alkalinity within the range of 
normal plasma pH. Allison and his coworkers (8) have found that 
the content of sugar in infected synovial fluids is markedly lower 
than is encountered in non-septic fluids. 
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Synovial fluid from purulent or septic joints contains much pus 
and presents a cloudy or milky appearance. The low sugar con- 
centrations and high acidity, characteristic of such fluids, may be 
referable to the large number of leucocytes present. Levene and 
Meyer (9) have shown that rapid glycolysis occurs with the pro- 
duction of lactic acid in glucose solutions in the presence of leu- 
cocytes. Falcon-Lesses (10) has recently found that the rate of 
glycolysis is more rapid in leucemic blood than in blood with a 
normal cell count. 

An opportunity was afforded to study the glycolytic activity of 
a synovial fluid with a high cell count. It presented every appear- 
ance of a septic fluid but proved to be sterile. This fluid was 
obtained from a case of joint effusion of unknown origin, which 
also presented patellar bursitis. During the time this case was 
under observation, the joint was repeatedly aspirated and at- 
tempts were made to grow cultures from the fluid. At all times 
the fluid was sterile when tested by the usual culture methods. 
No symptoms of bacterial infection were produced in animals 
after they had been inoculated with this fluid. 

The glucose content of the fluid was very low, so low in fact 
that it is questionable whether the slight color developed by the 
Folin-Wu method was referable to glucose. On one occasion, the 
approximate glucose content of the fluid was 8 mg. per 100 ce. 
The plasma sugar at the same time was 111 mg. per 100 cc. 6 days 
later, a figure of 10 mg. per 100 cc. was found in the synovial fluid 
and 105 in the plasma. 

On the day that the fluid was removed from the joint for the 
glycolysis experiment it had a cell count of 13,800 leucocytes per 
e.mm., of which 97 per cent was polymorphonuclears. A small 
sample of the fluid was collected under oil and its pH value deter- 
mined colorimetrically by Hawkins’ modification of Cullen’s 
method (11). The pH value was estimated to be 6.5 to 6.6. At 
this acidity, it was not possible, with phenol red, to make more 
accurate readings. The synovial fluid contained but traces of 
sugar and had a high lactic acid content (52 mg. per 100 cc.). 

The glycolysis experiment was carried out as follows: About 
50 ec. of fluid were removed from the joint. This was divided into 
two portions. From one portion the cells were removed by centri- 
fuging. Glucose (30 mg.) was added to each portion, and after 
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stoppering the flasks containing these portions, they were placed in 
a thermostat at 38°. At intervals of 20, 40, 60, and 90 minutes, and 
17 hours samples were removed. The proteins were precipitated 
with tungstic acid and the sugar and lactic acid contents de- 
termined. Clausen’s sulfuric acid method was used for the 
lactic acid determinations (12), and the Folin-Wu method for 


glucose (3). 


TABLE III. 
Glycolysis in Sterile Synovial Fluid with High Cell Count and in the Same 
Fluid from Which the Cells Had Been Removed. 


Initial Composition. 











Glucose Lactic acid. pH Cells. 
mg. per 100 cc. | mg. per 100 ce. | per c.mm, 
| 


| 7 | 82 | 6546.6 | 13,800 


Glycolysis at 38°. 











|  Gtucose. | Lacticacid. | 
Time. Fluid | Fluid | Fluid | Fluid Remarks. 
with | with no with with no 
cells. cells. cells. cells. 
min Soir | TOR |THE | TE 
0 145 121 After addition 
of glucose. 
20 127 123 
40 109 21 
60 95 123 
90 69 123 
17 hrs. 27 114 203 67 
Decrease in glucose.. 118 7 
Increase in lactic acid. 151 15 























The results of this glycolysis experiment are given in Table ITI. 
Very rapid glycolysis occurred in the portion of synovial fluid 
containing the cells, whereas the glucose level in the clear fluid 
did not change for several hours. Coincident with the loss of 
glucose, the lactic acid rose markedly, reaching at the end of 17 
hours a level of 203 mg. per 100 ce. This experiment demon- 
strates that in synovial fluid containing leucocytes, conditions are 
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highly favorable for the rapid disappearance of glucose and the 
formation of lactic acid through glycolytic activity. It also 
demonstrates that the leucocytes are responsible for the glycolysis; 
when they are removed from the fluid, glycolysis ceases. We be- 
lieve that conditions within the joint cavity were adequately 
simulated in this experiment, at least in so far as they concerned 
the fate of glucose. There is no reason to believe that glucose 
brought to the joint cavity by way of the blood stream would 
escape the glycolytic enzymes of the leucocytes present in the 
synovial fluid, any more than did the glucose added to the fluid 
in the in vitro experiment. The low sugar content of the synovial 
fluid bears this out. 

A glucose feeding experiment was performed on this patient 
2 days before the glycolysis experiment and the results are perti- 
nent to this discussion. At that time, when the joint was aspi- 
rated, a fraction only of the fluid was removed. This specimen, as 
on previous occasions, was nearly sugar-free (9 mg. per 100 cc.). 
The subject was then given, orally, 100 gm. of glucose dissolved in 
150 ee. of water. 35 minutes later the joint was again aspirated 
and at the same time a blood sample was obtained from the arm. 
The plasma sugar was 156 mg. per 100 cc., whereas a concentration 
of only 32 mg. per 100 ce. was found in the synovial fluid. The 
response in this case was very different from that of individuals 
whose synovial fluid is comparatively free from cells. Those 
individuals, at the peak of hyperglycemia following sugar inges- 
tion, have a higher glucose concentration in synovial fluid than in 
venous blood (1). In the present case glucose was being disposed 
of almost as rapidly as it was being brought by the blood stream 
to the synovial fluid, loaded as it was with leucocytes. 

Allison and his coworkers (8) believe that the sugar content of 
synovial fluid may prove of diagnostic value in determining 
whether the fluid is infected or not. In the above experiment, the 
possible réle of bacteria was eliminated by the fact that the syno- 
vial fluid was sterile. The presence or absence of leucocytes would 
seem to be of first importance in determining the level of synovial 
fluid sugar. Occasionally, as in the present instance, a sterile 
synovial fluid may contain pus and give every appearance, iD- 
cluding a low sugar content, of being septic. 

The explanation, which has been offered here to account for 
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the low sugar content of certain synovial fluids, would apply to the 
low sugar concentrations found in other body fluids when leu- 
cocytes are present. In meningitis, the spinal fluid contains very 
small amounts of sugar, and sugar may even be absent. Osnato 
and Killian (13) have recently shown that the lactic acid content 
of the spinal fluid in meningitis is higher than normal and they 
suggest that it is the result of cellular activity. The low sugar, or 
absence of sugar, characteristic of spinal fluids in which the cell 
count is high, as in meningitis, is probably the result of a glycolytic 
phenomenon. Conditions favorable for glycolytic action without 
doubt exist in other body fluids when large numbers of leucocytes 
are present in them. 


SUMMARY. 


1. Synovial fluid and blood plasma have been compared with 
respect to non-protein nitrogen, urea nitrogen, and amino acid 
nitrogen. Almost identical values were found. 

2. The proteins of synovial fluid, which are present in lower 
concentrations than in plasma, have been fractionated. The 
globulin content was found to vary considerably in different 
fluids and the albumin-globulin ratio was higher than is usually 
encountered in plasma. 

3. Rapid glycolysis was found to take place in a sterile syno- 
vial fluid with a high leucocyte count. No glycolysis occurred in 
a sample of the same fluid from which the cells have been removed. 
The high acidity and low sugar content of synovial fluids and 
other body fluids containing large numbers of leucocytes are 
probably the result of glycolysis. 
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Methods for the quantitative estimation of dihydroxyacetone 
in blood have been reported by Campbell (1), by Kermack, 
Lambie, and Slater (2), and by Rabinowitch (3). Campbell 
reported both a volumetric and a colorimetric method. The 
others used only colorimetric methods. We have used the volu- 
metric method of Campbell in our laboratory and desire to pre- 
sent some data obtained by its use. 

No satisfactory method for the estimation of dihydroxyacetone 
in urine has béen discovered in the literature. Miller and Taylor 
(4) found that dihydroxyacetone was one of a few substances 
which would reduce acid molybdate solutions. They also pre- 
sented a method of precipitating and removing phosphates from 
the urine. In estimating dihydroxyacetone in the urine we have 
applied these two principles. First we removed the phosphates 
from a specimen of urine, as the phosphates will reduce molybdic 
acid solutions, and then used the volumetric method of Campbell 
to estimate the dihydroxyacetone in the filtrate obtained. 


Dihydroxyacetone in Blood. 


The volumetric method of Campbell consists of taking 2 ec. of 
protein-free blood filtrate (5) with 2 ce. of Folin-Wu phospho- 
molybdie acid solution used in their blood sugar method (6), and 
heating them in an ordinary test-tube in a boiling water bath for 
15 minutes. After cooling, the blue solution obtained is titrated 
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with 0.01 N potassium permanganate until colorless. To allow 
for reduction due to the reagent 2 ec. of the reagent are boiled 15 
minutes with 2 cc. of distilled water. This is titrated with the 
0.01 N potassium permanganate. This usually requires 0.02 to 
0.05 ec. of permanganate which is deducted as a blank from the 
reading obtained in titrating the test solution. Campbell found 
that 1.14 cc. of 0.01. N potassium permanganate were equivalent 
to 0.2 mg. of dihydroxyacetone. In a series of tests using known 
amounts of dihydroxyacetone in different concentrations we found 
the average result to be 1.146 cc. Therefore we have accepted 
Campbell’s figure of 1.14 ce. 

Campbell found in applying his method to solutions contain- 
ing both glucose and dihydroxyacetone that glucose reduced the 
phosphomolybdie acid very slightly, for only 0.5 per cent of the 
glucose could be detected by this procedure. On the other hand 
he found that dihydroxyacetone would reduce the alkaline copper 
solution used in the Folin-Wu blood sugar method. This re- 
duction when calculated as glucose was 79 per cent of the total 
dihydroxyacetone in the solution. Therefore to determine the 
amount of glucose in such a mixture it is necessary to determine 
the amount of dihydroxyacetone by Campbell’s .method and 
then subtract 79 per cent of this from the apparent amount of 
glucose determined by the Folin-Wu procedure. For example, 
in a mixture containing 100 mg. of dihydroxyacetone and 100 mg. 
of glucose, the Campbell method would give 100 mg. of dihydroxy- 
acetone and the Folin-Wu method would give 179 mg. of apparent 
glucose. Therefore it is necessary to subtract 79 per cent of the 
determined dihydroxyacetone from the apparent glucose, leaving 
100 mg. of actual glucose in the solution. In applying the method 
of Campbell to blood we have made no correction for the very 
slight reduction of phosphomolybdate solution caused by glucose. 

The term M-substance used in this paper, represents those 
substances which will reduce the phosphomolybdie acid reagent 
in acid solutions. Miller and Taylor (4) include dihydroxy- 
acetone, levulose, hydrazines, indole, skatole, oxalicacetic ester, 
furfural, and acetoacetic ethyl ester in this group. As these sub- 
stances are not removed from the blood or urine it is necessary to 
determine the amount of M-substances in a specimen before the 
use of dihydroxyacetone and then use this as a basal figure in the 
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further determinations. For example, if the total M-substances in 
the first specimen of blood were 10 mg. per 100 cc. and after add- 
ing dihydroxyacetone the M-substances were 160 mg. per 100 cc., 
then the actual dihydroxyacetone would be the difference in the 
two determinations; in this case, 150 mg. per 100 cc. of blood. 

To determine whether we could recover dihydroxyacetone 
quantitatively when a known amount was mixed with blood, 
we took the blood of a diabetic patient and determined the blood 
sugar by the method of Folin and Wu (5) and the amount of 
M-substances by the method of Campbell as described. Then 


TABLE I. 
Recovery of Dihydroxyacetone When Mixed with a Sample of Blood. 























. 10.00 11.00 12.00 1.00 
TOD... cccccocecccccesces eenceessecceosonece eeeeeeesoncons { am. a.m. om. p.m. 
M-Substances, mg. per 100 cc..............0005 12 {156 {161 {161 
Dihydroxyacetone recovered, mg. per 100 cc.... 144 |149 {149 

“ - OOF CORE... 665550 96.0 | 99.3 | 99.3 
Apparent blood sugar, mg. per 100 cc...........| 333 |448.0 /441 435 
79 per cent dihydroxyacetone recovered, mg. 

Sheds ok ass kee aes anna hse Gee" 114 {118 {118 

Actual blood sugar, mg. per 100 cc............. 333 |334 (323 [317 





At 10.05 a.m., 15 mg. of dihydroxyacetone were added to 10 cc. of blood. 
M-Substances are those which will reduce phosphomolybdic acid in acid 
solution. The dihydroxyacetone recovered is the difference between M- 
substances in the specimen tested and those in the first specimen. ‘“‘Ap- 
parent blood sugar”’ is the total reducing power of the mixture on alkaline 
copper solutions. The ‘‘actual blood sugar’’ is obtained by correcting 
for the amount of dihydroxyacetone found. 


15 mg. of dihydroxyacetone were added to 10 ce. of blood and the 
blood sugar and M-substances in samples of this blood were de- 
termined at the end of 1,2,and3 hour periods. The findings are 
presented in Table I. The results show that dihydroxyacetone 
when mixed with blood undergoes no change at room temperature 
and can be recovered quantitatively even at the end of 3 hours. 


Dihydroxyacetone in Urine. 


5 cc. of the urine to be tested are placed in a convenient sized 
flask about 200 cc. in volume and to it are added 10 cc. of 4 per 
cent lead acetate, and then, after shaking, 15 cc. of 6 per cent 
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sodium sulfate. After shaking again the precipitate is filtered off, 
To 5 ce. of the filtrate are added 15 cc. of 5 per cent sulfuric acid, 
By this procedure the phosphates and the excess lead are removed. 
The acidified filtrate represents a dilution of the original urine of 
1:24. The remainder of the method consists in the application 
of the volumetric method of Campbell to this filtrate in the same 
way as to blood filtrates. 

Calculation.—The number of ce. of 0.01 N potassium perman- 
ganate used in titrating the blank for reagents is subtracted from 
the number used in titrating the test solution. This remainder is 
divided by 1.14 and this quotient multiplied by 0.2 to obtain the 
number of mg. of M-substances in the 2 cc. of filtrate used in the 
test. This result multiplied by the dilution and divided by the 
amount of filtrate used in the test gives the mg. of M-substances 
in each cc. of the undiluted urine. In equation form 


Ce. 0.01 N KMnO, X 0.2 X 24 - ; 
ass mg. per cc. of urine. 





To simplify the calculation a combination of all the known factors 
in this formula gives a factor 2.1. This factor times the number 
of cc. of 0.01 N KMnQ, gives the number of mg. of M-substances 
per cc. of undiluted urine. When the total volume of the urine 
specimen and the time which the specimen covers are known, 
then the total M-substances and their hourly output can easily 
be determined. 

The method was tested by adding known amounts of dihydroxy- 
acetone to urine and determining the percentage which could be 
recovered. The experiments consisted in taking four 100 ee. 
portions of a specimen of urine. The first was tested for the 
amount of M-substances in the urine itself. To the other three 
specimens known amounts of dihydroxyacetone were added and 
the M-substances determined in each specimen. The dihydroxy- 
acetone recovered was taken as the difference between the M- 
substances of the specimens containing dihydroxyacetone and the 
M-substances of the specimen to which no dihydroxyacetone was 
added. Table II contains the findings of two of these tests. The 
recovered amounts represent approximately 95 per cent of the 
dihydroxyacetone added. 

For urines containing a higher concentration of dihydroxyact- 
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tone, a slight modification of the method was used. Urines con- 
taining as much as 2 per cent of dihydroxyacetone were tested 
by using 5 cc. of the phosphomolybdic acid solution and titrating 
with 0.05 N potassium permanganate. These findings are pre- 
sented in Table III. This modification resulted in good recover- 
ies but was not used as all specimens of urine voided by the sub- 


TABLE II. 
Recovery of Dihydroxyacetone When Added to Urine. 





























| Experiment 1. | Experiment 2. 
Specimen No pars 1 2 | 3 4 1 2 | 3 | 4 
Dihydroxyacetone added, mg. 0/100 [250 500 0/100 250 |500 
M-Substances, mg... Raper: | 21/122 |254 |475 | 25/120 |256 /|498 
Dihydroxyacetone recovered, mg. 1101 (233 [454 95 |231 |473 
per cent a 93.2} 90.8 95.0} 92.4) 94.6 
Per cent error by method....... |+1.0 —6.8/—9.2 —5.0)—7.6)—5.4 














Each sample was 100 cc. in volume. M-Substances are those which will 
reduce phosphomolybdie acid in acid solution. The dihydroxyacetone 
recovered is obtained by subtracting the M-substances in Specimen 1 from 
the M-substances in each of the other specimens. 


TABLE III. 
Recovery of Dihydroxyacetone by Use of 5 Cc. of Phosphomolybdic Acid Solu- 
tion and 0.05 n KMnQ,. 




















RE MN iis ctecakanuebdieiiaainnmleeiegekiee amenities 1 2 | 3 | 4 
Dihydroxyacetone added, mg................- 0 | 500 |1000 2000 
I, WE ncn ncindnnnencasnvusens 32 | 525 |1050 [2069 
Dihydroxyacetone recovered, mg.............. 493 {1018 b037 

™ “ OOF GORE. 2555 98.6} 101.8) 101.9 
Per cent error by method.................. yee — 1.4) + 1.8) +1.9 





jects studied were found to contain much less than 0.5 per cent of 
M-substances. 

Determinations of the average hourly excretion of M-sub- 
stances in the urine were made daily for 10 days on the 24 hour 
specimens of two subjects. There was a relatively constant 
excretion of M-substances averaging between 25 and 35 mg. per 
hour. It was also found that the average hourly output as de- 
termined for periods shorter than 24 hours was essentially the 
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same as that determined on the basis of the 24 hour specimens if 
no diuresis occurred. 

The data obtained by the use of these methods will be presented 
in another paper (McClellan, Biasotti, and Hannon (7)). We 
found no increase in the M-substances of the blood after the in- 
gestion of either 50 gm. of dihydroxyacetone or 50 gm. of glucose 
in either normal or diabetic subjects in samples of blood taken 
30 minutes, 1, 2, and 3 hours later. In the urine, on the other 
hand, there was a definite increase in the hourly output of M- 
substances after the ingestion of 50 gm. of dihydroxyacetone in 
both normal and diabetic subjects. This increase was not found 
after the ingestion of a similar amount of glucose. 





SUMMARY AND CONCLUSIONS. 


1. The volumetric method of Campbell for the determination 
of dihydroxyacetone in blood has been used and found satis- 
factory. Known amounts of dihydroxyacetone could be re- 
covered by this method when it was mixed with whole blood. 

2. A method for the quantitive estimation of dihydroxyacetone 
in urine is presented. Its accuracy has been tested by the re- 
covery of known amounts of dihydroxyacetone which had been 
added to the urine. 95 per cent of the amount added could be 
recovered. 
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ON THE EXISTENCE OF TWO ACTIVE FACTORS IN 
THE VITAMIN B COMPLEX. II.* 
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Auburn.) 


(Received for publication, December 12, 1927.) 


A recent paper (1) from this laboratory described the prepara- 
tion of a beriberi-preventing solid, obtained by treating an extract 
of velvet bean seed with fullers’ earth. Despite the efficacy of this 
solid as a preventive of beriberi, it apparently had no growth-pro- 
moting action. Two preparations from the leaves of the velvet 
bean were also described: one preparation possessed marked 
beriberi-preventing and slight growth-promoting properties; the 
other was ineffective as a prophylactic for beriberi in pigeons and, 
when fed alone, it was capable of producing only a very irregular 
growth in rats that were receiving an otherwise vitamin B-free 
diet. A combination, however, of the latter fraction with the 
beriberi-preventing fraction from either the leaves or the seed 
enabled rats to make normal growth, when the combination was 
used as the sole source of vitamin B. More recently Chick and 
Roscoe (2) found that an extract prepared by the Peters method 
showed marked beriberi-preventing but no growth-promoting ac- 
tion in the dosages fed. Nevertheless, the addition of this product 
to autoclaved yeast, which in itself was incapable of supporting 
growth, provided an adequate source of vitamin B for normal 
growth of rats. Hassan and Drummond (3) also reported a sig- 
nificant acceleration in the rate of growth of rats, caused by the 
addition of an alkali-treated extract of yeast to a diet fortified by 
5 mg. daily of Seidell’s concentrate as the only other source of 
vitamin B. 

It seems that the results of these independent investigations 
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488 Vitamin B Complex. II 


furnish sufficient proof to remove any doubts that may haye 
existed regarding the complex nature of vitamin B. Apparently 
there are at least two active substances in the complex: one of 
these prevents the onset of experimental beriberi but is not cap. 
able of inducing growth, when it is the sole addition to a vitamin 
B-free diet; the other is impotent as a beriberi prophylactic and 
is also in itself inactive as a growth accelerator but is an essential 
accessory of the beriberi-preventing factor in supporting growth. 
The accessory growth-promoting substance is identical or asso- 
ciated with a substance which protects rats against a syndrome 
believed by Goldberger and associates (4) to be the analogue of 
pellagra. Since there is at present no conclusive proof that the 
accessory growth-promoting substance consists of more than one 
active factor, this substance is designated tentatively as the 
P-P factor which is the term suggested by Goldberger for the 
pellagra-preventing substance. In harmony with this terminology 
factor B-P is used for the beriberi-preventing substance, while the 
term vitamin B is retained for the complex. 

In the following pages are presented data bearing upon three 
points which have received further consideration in the investiga- 
tion of the vitamin B complex now in progress in this laboratory. 
These are (1) the relative adsorption of the B-P and the P-P factors 
by fullers’ earth; (2) the further purification of the P-P fraction; 
(3) the retardation of growth by an insufficiency of the B-P factor. 


EXPERIMENTAL, 
Relative Adsorption of the Two Factors by Fullers’ Earth. 


It was shown in the first paper (1) that, when an acidulated 
aqueous extract of velvet bean leaves was treated with fullers’ 
earth at the rate of 50 gm. per kilo of air-dried leaves, the resulting 
“activated solid” was more effective in preventing beriberi than 
in stimulating growth. However, 0.40 gm. of this solid, Extract 
L-1-50, per rat daily produced slow but continuous gains. 
This was a dosage of the solid slightly in excess of the amount 
necessary to protect pigeons completely against beriberi and at 
least 8 times the daily dosage required to maintain the weight of 
50 gm. rats for a period of 10 weeks following a preliminary deple- 
tion period of 2 weeks on the basal diet alone. No symptoms of 
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beriberi or pellagra were manifest on dosages varying from 0.05 to 
0.40 gm. per rat daily. 

In order to determine whether the use of a smaller amount of 
fullers’ earth would result in a more effective separation of the two 
factors, Extract L-1-10 was prepared. The method was similar 
to that used for Extract L—-1—50, except that the aqueous extract 
was passed through a supercentrifuge before the fullers’ earth was 
added and only 10 gm. of the earth were used instead of 50 gm. 

Varying amounts of /xtract L-1—-10 were supplied to rats re- 
ceiving Diet 2B (the technique was identical with that given in the 
first paper). The test period was 9 weeks following the usual 
depletion period of 2 weeks. Typical results are illustrated by 
the curves of Rats 812, 814, and 828 in Fig. 1. No symptoms of 
beriberi developed on a daily dosage of 0.01 gm. That this extract 
contained less of the P-P factor than the previous preparation, 
Extract L-1—50, was shown by the fact that practically no growth 
was obtained on as much as 0.10 gm. daily or approximately 10 
times the minimum protective dosage for rats (or the equivalent 
of the daily dosage required to protect pigeons completely). 

Tests on pigeons showed that the protective dose of the velvet 
bean leaves was about 3.8 gm. On this basis 1 kilo of leaves 
furnished 260 protective doses. About 100 protective doses were 
removed from the extract by the 10 gm. portion of fullers’ earth. 
Thus, it is certain that more than one-third of the B-P factor was 
taken up by the 10 gm. of adsorbent. On the other hand the 
proportion of the P-P factor adsorbed must have been negligible 
since the amount carried by the solid was too small to be demon- 
strated by the tests on rats. 


Further Purification of the P-P Fraction. 


The residue, Extract L-1—500, which was used as a source of the 
P-P factor in the previous experiments reported from this labora- 
tory (1) apparently contained some of the B-P factor. This was 
indicated by the tests on rats although the tests on pigeons gave 
negative results with this residue. The requirement of the pigeon 
apparently is so high that this animal cannot be used to determine 
an extremely low concentration of the B-P factor. The rat, which 
requires a smaller protective dose of this substance, will apparently 
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respond to a correspondingly lower concentration. Nevertheless, 
it seemed probable that, if all of the B-P factor could be removed 
from the residue, the purified product would not delay the onset of 
beriberi in rats and would not produce any growth unless it was 
further supplemented by a sufficient amount of the missing B-P 
factor. 

Osborne and Wakeman (5) precipitated a fraction which was 
very efficient for the growth of rats, by pouring an aqueous extract 
of yeast into sufficient alcohol to make the total concentration 
about 78 per cent alcohol (by weight). On the other hand, Gold- 
berger and his colleagues (6) found the B-P substance to be readily 
removed from maize meal with 79.4 per cent alcohol (by weight). 
Thus, it seemed that a combination of the selective action of fullers’ 
earth with a fractionation of the filtrate by alcohol might offer 
possibilities for the preparation of a fraction that would be rich in 
the P-P factor and free of the B-P factor. 

Accordingly, after the solid was removed in the preparation of 
Extract L-1-10, the filtrate was concentrated by vacuum dis- 
tillation to a volume of 2 liters for each kilo of leaves used. The 
concentrated solution was treated with two successive 30 gm. 
portions of fullers’ earth. Each portion of fullers’ earth was 
removed by a supercentrifuge and washed with water and alcohol. 
The centrifugate and the washings from the solid were combined 
and again concentrated to 2 liters per kilo of leaves extracted. 
2 liters of the concentrated solution were then poured into 3 liters 
of 93 per cent alcohol, which gave a total alcoholic concentration of 
about 51 per cent (by weight). The precipitate, Fraction I, was 
washed with 51 per cent alcohol and rejected. 

The filtrate and washings were concentrated to 300 cc. and 
poured into 3 liters of 93 per cent alcohol, which made an alcoholic 
concentration of about 82.7 per cent (by weight). The precipi- 
tated material was allowed to settle and the supernatant liquid 
decanted. 300 gm. of Argo corn-starch were then worked into the 
precipitate and the resulting product was macerated in absolute 
alcohol. It was then filtered out on a Buchner funnel, washed 
with two small portions of absolute alcohol, and dried in an oven 
at 50-60°. The dried product, Fraction II, was light brown in 
color and very slightly hygroscopic. 

The alcoholic washings and the decanted extract were combined, 
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reduced to a small volume by vacuum distillation, taken up on 
100 gm. of Argo corn-starch, and dried. The dried product, 
Fraction III, was darker and markedly more hygroscopic than 
Fraction II. 

The average weights of the various fractions per kilo of leaves 
were: Fraction I, 18.0 gm.; Fraction II, 419.0 gm., including the 
300 gm. of corn-starch added; Fraction III, 177.0 gm., including 
the 100 gm. of corn-starch. In other words, of the 214 gm. of 
solids in the crude extract, 8.4 per cent was precipitated in Frac- 
tion I, 55.6 per cent in Fraction II, and 36.0 per cent in Fraction 
Ill. 

Rats 821 and 822 in Fig. 1 show that no growth was produced 
by daily doses of 0.25 or 0.50 gm. of Fraction II as the only addi- 
tion to the basal diet. Severe beriberi invariably developed and 
the length of life was practically the same as in the negative controls 
on the basal diet alone. A daily dosage of 1.0 gm. did not result in 
appreciable growth but did prolong life to some extent, although 
severe beriberi developed eventually. That Fraction II retained 
significant amounts of the P-P factor is shown by the excellent 
growth illustrated by Rats 818 and 831 that received 0.05 and 
0.10 gm. respectively of Extract L—1-10 in addition to a daily 
dosage of 0.50 gm. of Fraction II. Rats that received only 0.01 
gm. of Extract L—1-10 in addition to 0.50 gm. of Fraction II per 
day made very little growth (Rat 816, Fig. 1) as compared with 
those receiving more of the B-P factor in the larger dosages of 
Extract L—1-—10. 

In the feeding of Fraction II it was noted that it was consumed 
much more readily than the crude residue, Extract L-1-500 
described in the first paper. It was also evident that the very 
pronounced laxative properties of the crude product were absent 
from Fraction II. 

Other investigators (2, 3, 6, 7) have reported the P-P factor to 
be more thermostable than the B-P factor. In order to determine 
whether Fraction II still contained some of the latter substance 
that could be inactivated by heat, a portion was moistened, auto- 
claved for 4.5 hours at 15 pounds pressure, and dried. Rats that 
received 0.50 or 1.0 gm. of the autoclaved material per day did not 
survive longer than the negative controls. A dosage of 2.0 gm. 
was tried but dependable results could not be obtained due to 
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fluctuations in the amounts consumed. Apparently there was no 
significant impairment of the growth-promoting activities of the 
extract due to the heat treatment. (Compare Rats 902 and 904, 
Fig. 1.) 

Although Fraction III was not subjected to as detailed a study 
as Fraction II, the results that were obtained indicate that a large 
part of the P-P factor, originally contained in the crude extract, 
was concentrated in the 55 to 56 per cent of solids in Fraction II. 
If the growth-promoting activities of the two fractions were com- 
pared on the basis of their total net solids (7.e. excluding the added 
starch), Fraction II seemed to be 3 to 4 times as efficient as Fraction 
III, when an adequate supply of B-P factor was added to each 
fraction. The tests further showed that Fraction III contained 
somewhat more of the B-P factor per unit of net solids than did 
Fraction II. It was also found that Fraction III had the marked 
laxative action that had been noted previously from the crude 
residue. Since these findings showed that Fraction III was a far 
less desirable source of the P-P factor than was Fraction II, the 
studies on the former fraction were not continued further. 


Retardation of Growth by an Insufficiency of B-P Factor. 


It was noted above that when rats received 0.01 gm. per day of 
Extract L-1-10 they made very little growth even when an ade- 
quate amount of Fraction II was supplied. However, when the 
dosage of Extract L-1—10 was increased to 0.05 gm. per day, the 
dosage of Fraction II remaining constant, a rapid rate of growth 
occurred. 

Since some dried leafy materials had been found to be poor 
sources of the B-P factor, the effect of adding an “activated” 
fullers’ earth, which was rich in the B-P factor and very poor 
in the P-P factor, to dried kudzu (Pueraria thunbergiana) leaves 
was determined. This B-P solid, No. 50, was prepared by 
extracting white maize meal with 80 per cent alcohol (by 
weight), concentrating the extract by vacuum distillation, 
removing the precipitated protein, and adsorbing the B-P factor 
on a small amount of fullers’ earth. As may be seen by the 
weight curves for Rats 906, Fig. 1, and 1006, Fig. 2, which were 
typical controls on this solid as the sole addition to the basal 
diet, the amount of the P-P factor carried by 0.05 to 0.10 gm. of 
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the B-P solid was negligible. Rat and pigeon tests, however, 
showed that.it possessed marked B-P properties. 
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Fic. 2. Representative weight curves of rats. The depletion period of 
2 weeks is not includedin the curves. The daily dosage is shown below. 














Rat No. | Kudzu. | Rat No. | Kudzu. ty 

gm. gm. gm. 

919 1.00 | 1000 | 1.00 0.05 
96 | 0.50 | 990 | 0.50 | 0.05 
914 0.25 987 0.25 0.05 
912 0.20 985 0.20 0.05 
911 0.15 | 1001 0.15 0.05 
| 1003 | 0.10 0.05 

| 1006 | | 0.05 





Two series of rats were used in the tests. One series received 
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leaves per rat daily. The other series varied from 0.05 gm. of 
B-P solid, No. 50, per rat daily without any kudzu to 0.05 gm. of the 
solid added respectively to doses of 0.10, 0.15, 0.20, 0.25, 0.50, and 
1.0 gm. of dried kudzu leaves. The same sample of kudzu leaves 
was used in the tests on both series. 

Typical results of these tests are shown in Fig. 2. Although the 
rats had steadily declined and died of beriberi on 0.15 gm. of the 
dried leaves alone, those on 0.10 gm. of the leaves and 0.05 gm. of 
the B-P solid made slight but consistent gains. In all cases the 
rats that received the 0.05 gm. of B-P solid, No. 50, in addition to 
the leaves, excelled those receiving corresponding doses of leaves 
without the solid. As the experiment progressed the weight 
curves of the rats receiving the leaves as the sole source of vitamin 
B, rapidly flattened out and a decline soon set in for all dosages of 
0.25 gm. or less of the dried leaves per day. Ontheotherhand, the 
rate of growth was rather uniformly sustained throughout the 
test, when the leaves were further supplemented by the B-P solid. 
It was evident that the leaves carried an excess of the P-P factor 
in proportion to their content of the B-P factor. Consequently, 
the latter substance became the first limiting factor either for 
maintenance or for growth on the small dosages and was not sup- 
plied in quantities sufficient for optimum growth even by as much 
as 1.0 gm. of the kudzu leaves per day. 


DISCUSSION. 


It is evident that fullers’ earth has a tendency under some experi- 
mental conditions to adsorb selectively the B-P factor from ex- 
tracts containing both this substance and the P-P factor. This 
may occur despite a preponderance of the P-P factor in the solu- 
tion being treated. The data presented in the preceding pages 
show that for this selective action to occur, there must be such a 
relation between the concentration of the B-P factor in the solu- 
tion and the amount of fullers’ earth used that the solid may be- 
come saturated with the B-P factor. Under the experimental 
conditions reported, this apparently necessitated the leaving of a 
considerable portion of the B-P factor in solution. Many factors 
may influence the adsorption of the two substances. (A detailed 
study of the effect of hydrogen ion concentration will be reported 
in a later paper.) 
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Three successive treatments of the extract of velvet bean leaves 
with small amounts of fullers’ earth were not sufficient to effect a 
quantitative removal of the B-P factor. Further treatment with 
fullers’ earth did not seem desirable due to the probability of losses 
of the P-P factor. A fractionation of the concentrated extract 
(after the previous treatments with fullers’ earth) by alcohol 
furnished an improved product but one which still contained some 
of the B-P factor. It was necessary to resort to inactivation of the 
remainder of this factor by heat in order that a potent source of 
the P-P factor without any B-P activity might be obtained. Al- 
though the work of other investigators which has been cited has 
indicated that all of the B-P factor originally present in an extract 
may be inactivated by heat or treatment with alkali, it seems more 
desirable to remove as much of this factor as possible to avoid 
the inactivated or decomposition products that would otherwise 
remain in the treated extract. 

The demonstration of a relation between the amount of the B-P 
factor available and the rate of growth of rats indicates that pres- 
ent methods in which rats are used for measuring the amount of 
vitamin B in food materials are entirely inadequate. It is evident 
that a low concentration of either the B-P factor or the P-P factor 
may limit the rate of growth. It is also conceivable that a food 
product might be a highly efficient source of either factor and yet 
produce very little growth due to an insufficiency of the other 
factor. This points to the conclusion that any future attempts to 
determine the vitamin B content of a product, which do not take 
into consideration the complex nature of the vitamin, may well be 
regarded as useless. 


SUMMARY. 


1. Fullers’ earth adsorbed both the B-P factor and the P-P fac- 
tor of the vitamin B complex, but under certain conditions the 
former factor was more completely adsorbed than the latter. 

2. A combination of treatments with small amounts of fullers’ 
earth, of fractionation with alcohol, and of heating, furnished 4 
preparation from an extract of velvet bean leaves, that retained 
marked properties of preventing pellagra-like symptoms and also 
of accelerating growth when it was fortified with sufficient B-P 
factor. The treated preparation alone did not produce any growth 
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2an leaves and did not prolong the life of rats beyond the average for rats on 
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VITAMIN SYNTHESIS IN PLANTS AS AFFECTED BY 
LIGHT SOURCE.* 


By V. G. HELLER. 


(From the Department of Agricultural Chemistry Research, Oklahoma Agri- 
cultural and Mechanical College, S{illwater.) 


(Received for publication, December 13, 1927.) 


An inspection of the literature dealing with the subject of vita- 
mins furnishes evidence to indicate that they are probably chemi- 
cal compounds in nature, losing their potency easily through 
changes (oxidative, hydrolytic, or splitting in nature) whose exact 
nature has never been fully established. There is much to indi- 
cate that they are compounds existing in an active and an inactive 
form mutually interchangeable through processes not yet known. 
It is commonly conceded that the vitamin potency of most sub- 
stances decreases with age, heat, and exposure to light, due to 
changes previously suggested. Articles pertaining to this subject 
are too commonly known and too numerous to be listed here. 
Vitamin C is undoubtedly most susceptible to this deterioration 
with vitamins A, D, and B following in order of instability. Grant- 
ing that the vitamins are unstable and susceptible to some form 
of change as suggested, and postulating the existence of an active 
and inactive form, the question follows: By what methods are 
the compounds first activated or synthesized? It is to be deduced 
from the findings of others and from an inspection of data accumu- 
lated, that the actuation accompanies living processes which take 
place primarily in the plant, and probably is in some way depend- 
ent upon light rays; possibly it is directly related to the photo- 
synthesis taking place and likewise dependent upon the chlorophyll 
content of the plants. 

It is generally conceded that vitamin C rapidly increases in the 
seed during germination. Chick and Delf (1) definitely demon- 


7 Published with permission of the Director of the Oklahoma Agricul- 
tural Experiment Station. 
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strated this fact. Honeywell and Steenbock (2) demonstrated 
that this increase was dependent upon the presence of light, while 
Eggleton (3) particularly emphasizes the necessity of light, 
Vitamin A was reported by Coward and Drummond (4) as syn- 
thesized by green-colored plants. Wilson (5) was of the opinion 
that germination produced it even in etiolated seeds, while Har. 
row and Krasnow (6) confirm Coward and Drummond. Wid- 
mark (7) reports that plants that lose their chlorophyll content 
likewise lose the power to synthesize vitamins. Coward (8) has 
since reported that some is formed even when seeds germinate in 
darkness; and Moore (9), in a carefully planned piece of work, 
affirms this finding. Very recently Evans and Hoagland (10) 
have reported that Canadian field peas synthesize vitamin E on 
germinating, while Stepp (11) has not been able to show any such 
increase in vitamin D in any germination process. 

The present investigation was undertaken in an attempt to 
ascertain as far as possible the following points: (1) Is vitamin 
synthesis or actuation in plants dependent upon light rays, or is 
it a function of germination? (2) If light proves to be the deter- 
mining factor, are waves of certain lengths responsible for the 
change? (3) Are the vitamins which are most susceptible to 
destruction, likewise most readily actuated? (4) From a con- 
mercial standpoint, would it be better to use vegetables grown in 
the open air or in the greenhouse? (5) Would it be possible to 
increase the vitamin content by artificial illumination with some 
definite light wave? 


EXPERIMENTAL. 


Much of the early work in this investigation was concerned with 
a study of the nature of germination of seeds and their relative 
rate of growth when sprouted in complete darkness, in sunlight, 
and under glass of various colors, as well as under the Mazda, are, 
and ultra-violet lamps. Similar observations have been recently 
published by others in very complete form, in articles dealing 
particularly with the effect of light upon the germination of seeds, 
and need only be briefly mentioned here in so far as they are con- 
cerned in this problem. Those interested in a more complete 
account should read the reports from the Boyce Thompson Insti- 
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tute of Plant Research, as well as others in the literature pertain- 
ing to that field. In this work, not only the physical appearance 
of the sprouts was observed, but also the rate of photosynthesis 
was measured under the various conditions by a modification of 
the Spoehr method. The seeds used were wheat and yellow milo 
maize. In all cases the seeds were treated with diluted formalde- 
hyde to destroy any spores, then thoroughly washed, and quickly 
air-dried. The germinating medium was blotting paper in some 
of the work, but more frequently fine sand was used which had 
been digested first with alkali, and then with acid, and finally 
with much water. The germinating temperature approximated 
25°, and the various lots were grown simultaneously. To sum- 
marize very briefly, it was observed that the etiolated sprouts 
seemed to grow fastest; that is, they were longer and thinner in 
structure. Leaves were slower in forming, and were lacking in 
chlorophyll. The sun-grown sprouts were much more sturdy, 
and quickly produced normal leaves. Those under the ultra- 
violet lamp grew well at first and resembled the sun-grown, but 
soon began to show red streaks in the leaves and shortly after- 
ward growth ceased entirely. Those under the Mazda and are 
lamps compared more nearly with those grown in the sunlight and 
under glass. It was noted that as the wave-lengths became shorter 
or the light more intense, the plants became more squat in form 
and more highly colored. In an attempt to gauge the actual 
conditions more closely, the photosynthetic rates of lots similar 
in all respects save the light waves, were measured by the CO, 
exchange. It was observed that those plants grown in darkness 
always produced the greatest amount of CO» in a given length of 
time, and that the amount decreased as the shorter rays were 
increased. It was observed that sunlight through quartz glass 
produced less CO, than through ordinary glass. This introduced 
a question that has had considerable bearing upon the problem as 
well as upon some of the previously published work; that is, what 
effect would this differing metabolic rate have upon the final 
weight of the seedlings and the amounts of feed eaten by the 
animals in the biological tests to be described? Inorder to answer 
this question, careful observations were made at frequent inter- 
vals. Given amounts of seeds were weighed out and germinated 
under similar conditions, save the nature of the light, for the same 
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length of time, then carefully dried and reweighed. A typical 
example may be used as an illustration. 


—_——____ 
Weight after 
germinating 

8 days 





Unsprouted seed 
weight. 





gm. gm, 


Dark. Sate wea F 150 
Ultra-violet light 200 160 
Mazda lamp... “at ‘ 164 
Are lamp.. y 170 
Sunlight ; 175 





If in feeding tests one were to use equal weights of these dried 
samples, it is obvious that different amounts of the original grains 
were being used and the assumption must be made that constitu- 
ents of the seed are being used up simultaneously at the same rate. 
That such an assumption is not well founded is proved by cheni- 
cal study of the resulting products, which will be reported sepa- 
rately at a later date. On the other hand, to assume that the loss 
all comes from the non-vitamin content and that the vitamin 
thereby becomes concentrated as suggested by some is dependent 
upon an assumption, data for which are not available and which 
our data seem to contradict. Likewise, even air-drying the seed- 
ling, which would be necessary for weighing amounts, is subject to 
criticism, as some of the vitamins must beinjured. After accumv- 
lating data for over 2 years it became evident to us that all at- 
tempts to solve this problem by the use of dried products have 
been open to serious criticism, and our work has been completely 
repeated, using green seedlings taken directly from the germinators 
kept under conditions as similar as possible, fed to test animals 
by hand daily in like numbers, and the results noted. Even this 
procedure does alter the non-vitamin content slightly and assumes 
that no vitamin is consumed by the seed in growth. This in 
troduces many obstacles. It is difficult to keep germinators a 
the same degree of temperature and at the same humidity. New 
lots of seeds must be constantly started. Moulds must be care- 
fully controlled, it having been previously found by the writer 
(unpublished data) that mould growing on seed synthesizes vita- 
min. The germinating medium (digested sand) must be free 
from vitamin itself. 
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Biological Tests. 


In the biological tests of the vitamin content of the seedlings, 
rats were used for vitamins A and B, and guinea pigs for vitamin 
C. Allanimals used were from our own colonies. All precautions 
usually observed in this type of work were observed; namely, 
all animals were normal individuals, caged so as to be comparable 
as to litter origin, age, weight, and sex. They were kept in cy- 
lindrical metallic cages frequently cleaned and sterilized. They 
were fed from special feed cups so made as to measure the amount 
of basal ration eaten. They were fed and watered daily and 
weighed biweekly. The basal ration for the rats for vitamin A 
determinations consisted of: 

per cent 
Dextrin See ame 73.5 
Casein ; ea . 18 aleohol-extracted. 
Salt Mixture 185*...... 
Yeast. 


* McCollum, E. V., and Simmonds, N., J. Biol. Chem., 1918, xxxiii, 63. 


The dextrin was starch hydrolyzed with 1 per cent citric acid 
for 2 hours. The casein was carefully water-washed for several 
weeks. The dextrin was prepared from starch by hydrolyzing 
for vitamin A determination, and was further alcohol-extracted 
and dried at 100°. In the work on vitamin A, 5 per cent ground 
Fleischmann’s yeast was used as a source of vitamin B. The vita- 
min B-short rations consisted of: 


per cent 
Dextrin . ; 
Casein ; at .... 18 water-extracted. 
Cod liver oil. 
Salts. 


lhe basal vitamin C ration used for the guinea pigs consisted of: 


Ground corn -- 100 parts. NaCl......... 1 part. 
oats... ——_ Tank 2 parts. 
CaCO ...... . Lpart. Cod liver oil.. 1 ec. per day. 


Alfalfa hay was autoclaved in live steam at 30 pounds pressure 
for 3 hours and fed ad libitum. While this ration may not be 
entirely free from vitamin C, it produces much more uniform 
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results and keeps the animals from other disturbances; scurvy 
appeared at about the 22nd day. 

With both rats and guinea pigs, control lots were always used, 
and when it was found that variations occurred here, the entire 
series was discarded. In the case of the rats, the animals were 
first kept upon the basal rations until the characteristics of vita 
min shortage became evident, and then the seedlings were added 
in such amounts as to bring the animals just back to normal. The 
preliminary work used to determine these amounts is omitted to 
save space. It might be added that the dextrin and casein were 
exposed to the ultra-violet rays to safeguard the vitamin D require. 
ments. However, the stunting from the lack of this exposure, 
as reported by Steenbock and Coward (12) was not observed, 
possibly due to the fact that the animals were in a room receiving 
the brilliant illumination of this climate. 


Vitamin A Studies. 


The results obtained in the case of vitamin A were the most 
satisfactory. It was observed, however, with lots fed seed grown 
under certain colored lights, that the results were somewhat open 
to question and these have not been included in this report. When 
various trials revealed similar results, the figures have been aver- 
aged, and the growth curve of the test animal given in Chart | 
represents the average of fifteen or more animals fed at various 
times of the year. Curves are shown for growth of animals fed 
seeds germinated: (1) in open sunlight; (2) under the ultra-violet 
light, with 3 hours exposure per day; (3) under the Mazda light, 
with 12 hours exposure per day; (4) in darkness as complete as 
possible; and ungerminated. The curves speak for themselves. 

Undoubtedly light causes a synthesis of vitamin A, and the 
intensity of the light and the shortness of the wave seem to accel- 
erate the synthesis. From other data not shown in the curves, it 
becomes evident that seeds germinated under quartz glass are 
richer in this substance than seeds grown under glass, other condi- 
tions being similar. While the difference is slight, the data would 
indicate that seeds grown in the open sunlight should always be 
slightly superior. Whether a longer exposure to the ultra-violet 
light would have caused a greater synthesis was not determined, 
as it was found that long exposure seemed to be injurious to the 
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growth of the plant itself. There is no question of the ability of 
light from the Mazda lamp and also the are to produce a similar 
synthesis. Since a photometer was not available, the complete- 
ness of the illumination cannot be expressed in exact terms; but 
the full light of a 100 kilowatt lamp was directed upon the seeds 
at short range, producing a brilliant illumination. 

From our observations, germination in the dark always slightly 
increased the growth of the rats. Like Moore (9), we cannot say 
whether this was due to the germination itself, or to the slight 
amount of light that seeds, kept even under the most careful 
conditions, must obtain. A possibility not mentioned by these 
authors might be the stimulation of appetite due to new products 
formed in the green feed even though vitamin was entirely absent, 
resulting in a temporary increase of food eaten. In these studies 
both wheat and yellow milo maize were used. The curve repre- 
sents the results of feeding four seeds of milo per rat per day, added 
at the point where the animal growth curve had ceased. 


Vitamin B Studies. 


The investigation of vitamin B synthesis was carried on in a 
similar fashion, although the literature gave no encouragement; in 
fact, there are hints which suggest that germination may be in- 
jurious to this vitamin. Growth curves in this case, as illustrated 
in Chart II, represent the average of twelve or more animals. 
The seeds were both milo maize and wheat, as shown in the sepa- 
rate drawings. However, in this case the number of seeds was 
increased to an amount found advisable in the preliminary work. 
Eight seeds per day per rat, and later as much as twenty-four 
seeds per day, were added of the milo, while eight seeds, and later 
twenty-five seeds, of the wheat were used. The results as indi- 
cated in the chart, show that the average growth curves of the 
various lots fed the milo are so nearly the same that no conclusion 
can- be drawn, but that the formation of vitamin in the plant comes 
at a time later in its development and evidently is not a function 
of the nature of the light during the germination and early seedling 
period. In the case of the wheat, there was a slight increase in 
weight in some rats receiving the green germinated seeds; the 
gains were small and irregular, however, and would not justify 
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an assumption of much synthesis. Those grown under other 
lights show no increase. 


Vitamin C Studies. 


Data obtained from the use of guinea pigs are always more 
tedious to obtain and subject to more criticism. The conclusion 
to be drawn, however, comes from observations of many lots 
of animals observed over a period of 2 years, only the most typical 
being used to illustrate what was thought to be generally char- 
acteristic. The lots fed at various periods of the year did not 
compare so favorably as in the case of the rats, probably due 
to other factors introduced by varying temperatures. Several 
rations recommended by various workers did not prove so satis- 
factory as the one indicated in this paper, while scurvy in no case 
developed as rapidly as reported by others. The general condi- 
tion of the animals seemed to be better on this ration. Wheat, 
barley, and milo maize were used in the experiments in 10 and 15 
grain amounts per animal per day. The results are summarized in 
TableI. An examination of the data will indicate that germinated 
seeds always increase the growth, and improve the appearance of 
the animals, and delay scurvy development. The check lots, 
which are not listed, invariably succumb to scurvy, showing 
little or no benefit from an equal amount of the dried seed. The 
seeds germinated, and permitted to grow to seedlings about 2 inches 
tall in the sunlight, always furnished the most potent source of 
vitamin; those grown under the Mazda light were somewhat less 
satisfactory. Those grown under the ultra-violet light, exposed 
for about 3 hours per day, in no case proved as satisfactory, prob- 
ably due to the fact that the seedlings turned red and failed to 
develop normally. The seeds germinated in the dark, while 
possessing much less vitamin than the light-grown seedlings, did 
permit the animals to live after all the group being fed dried seeds 
had succumbed to scurvy. While the results obtained with the 
ultra-violet light do not prove that the short wave-lengths are 
responsible for the synthesis, the fact that open sunlight is more 
favorable for vitamin formation than light filtered through glass, 
indicates that it in some way assists in vitamin formation. 
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TABLE I. 
s | s/s 
SE jo | B | & 
efia i 2 3 
Place of germination. 25 $. | . Ps , Remarks. 
es | 32 12/2 3 
a So ia = ) 
Germinated yellow milo seedlings (10 gm. per day). 
| days | | gm. | gm. | gm. 
Sunlight...................-.| 70| 48 | 300 | 445 | 145 | Good shape. 
| 50 | 350 | 465 | 115 « “ 
| 51 | 270 | 430} 160 es s 
Dark........:ssssseseeeee-] 70] 52220] 365| 145 | Good shape. 
| 53 | 270 | 285 15 Scurvy. 
| 54] 295 | 340 45 | . 
a ee eee ee 
Masde lamp................. 70 | -55 | 210 | 340 | 130 | Good shape. 
| 56 | 310 | 395 85 Fair ” 
| 57 | 350 | 300 50 | Scurvy. 
| | | (Loss.) 





(Winter test.) 


Germinated yellow milo seedlings (10 gm. per day). 























































































































eee eee 60 | 33 | 360 | 410 50 Good shape. 
| 34 | 250 | 260} 10 . « 
eee = | 
Mazda lamp.................| 60| 35|275|240| 35 | Poor shape. 
| (Loss. ) 
| 36 195 | | Died. | Scurvy. 
ee — - 
Dark.................0...--.| 60] 37/330| | Died. | Scurvy. 
| | 88] 325] 320| 5 . 
Germinated wheat (15 gm. per day). 
| EREEE ene 54 | 23 | 210 | 306} 96 | Good shape. 
| 24] 185 | 230] 45 as ee 
Ultra-violet light............ 54} 25 | 320 | 370 50 Fair shape. 
| 26 | 200/185] Died. | Poor “ 
| 27 | 210 | 255| 45 | Fair “ 
Mazda lamp........ 54] 28 250 325 75 Good shape. 
| | 29 | 210| 270; 60 | Fair “ 
es | 
Dark........................| 54] 30] 410 | 250} Died. | Scurvy. 
31 | 260 | 310 | 50 | Fair shape. 
2|170| 210; 40 ™" 8 
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TABLE I—Concluded. 





Place of germination. Remarks. 


No. 


Initial weight 
| Final weight. 


Guinea pig 


























Germinated wheat (15 gm. per day).—Continued. 
aaa a days . F po ‘“ m. : gm. - 
Sunlight. a 51 | 40) 300 | 385 85 Good shape. 
41 | 180 | 220; 40 _ “ 
Ultra-violet light 51 | 42 | 300 | 275 | Died. | Scurvy. 
43 | 225 | 225 Poor shape 
Mazda lamp coscsece] OL] 41300] SO 50 Good shape 
47 | 250 | 290 | 40 aii 
CS cs chide cusninameeeeeaN 51 | 44 | 225 | 240; 15 


45 | 350 | 305 | Died. | Scurvy. 





Germinated wheat (10 gm. per day). 





Sunlight : ; 57 | 17 | 350 | 386 36 Fair shape. 
18 | 290 | 350 | 60 " “ 


21 | 270 | 320 24 Fair shape. 











Ultra-violet light. 57 | 2 

22 | 340 | 322 18 Scurvy. 
Loss. )} 

Mazda lamp. 57} 15 | 310 | 350 40 Fair shape. 
16 | 320 | 370 50 os ” 

IE oc Achy .| 57 | 30} 410 | 250 | Died. | Scurvy. 
31 | 260 | 310 | 50 Fair shape. 
32 | 170 | 210 40 ” i 

RESULTS. 


1. The amount of vitamin A formed in seedlings seems to be 
a factor depending upon the light rather than upon changes taking 
place in the process of germination. Some increase is always 
found in etiolated seedlings. 

2. The quantity of vitamin A synthesized is dependent upon 
the intensity of illumination, length of exposure, and evidently 
the relative amount of shorter wave-lengths, and follows closely 
the rate of growth of the plant. 
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3. Vitamin B is evidently not increased in the germination and 
early growth of the seedlings, its formation coming at a later 
period of development of the plant. 

4. Vitamin C is formed more rapidly than either of the other 
vitamins studied. There is evidence that germination alone, even 
in the dark, produces a considerable amount of vitamin C. It 
increases in light-grown seedlings to an extent that is greater than 
ean be accounted for on the basis of the increased growth of the 
seedlings, and its production is evidently accelerated like vitamin 
A, by increased intensities of light. 

5. Evidence is furnished that plants grown in the open sunlight 
under intense illumination should be slightly superior sources of 
vitamin. 
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ON THE PENTABENZOATES OF GLUCOSE. 


By P. A. LEVENE anp G. M. MEYER. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, December 22, 1927.) 


In our paper on the a and 8 forms of the methylated <1,4> 
methylglucosides,! a mathematical error was made in calculating 
the numerical values of the difference between the molecular 
rotations of the a and 6 forms of the methylated <1,5> methyl- 
glucosides. The value should be 42,750 instead of 34,250 as 
given. 

This correction leaves unproved one of the conclusions arrived 
at in that paper; namely, that the difference between the molecular 
rotations of the a and 8 forms of the <1,4> lactals of the methy- 
lated methylglucosides has a higher value than that of the <1,5> 
lactals. However, the error does not as yet exclude the possibility 
that the differences in the value of the rotation of carbon atom (1) 
vary with the lactal structure, inasmuch as the a and 8 forms of 
the <1,4> methylated methylglucosides were not crystalline and 
hence the observed value is the minimum value, and also inasmuch 
as the corresponding difference of the first and second forms of 
galactose pentacetate is, according to Hudson and Parker,’ 32,730 
and the difference of the third and fourth forms is, according to 
Hudson and Johnson,’ 40,200. A new opportunity to test the 
influence of the ring structure on the rotation of carbon atom 
(1) presented itself with the preparation by Schlubach and 
Huntenburg' of the a- and $-<1,4> pentabenzoylglucoses. 
These two derivatives were prepared from monoacetone glucose 
and therefore it is concluded that they possess the <1,4> 


* Levene, P. A., and Meyer, G. M., J. Biol. Chem., 1927, Ixxiv, 701. 

* Hudson, C.S., and Parker, H. D., J. Am. Chem. Soc., 1915, xxxvii, 1589. 
* Hudson, C.S., and Johnson, J. M., J. Am. Chem. Soc., 1916, xxxviii, 1223 
* Schlubach, H., and Huntenburg, W., Ber. chem. Ges., 1927, lx, 1487. 
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lactal structure. The molecular rotations of the two older 
pentabenzoates prepared by Fischer and Freudenberg’ and of thoge 
prepared by Schlubach and Huntenburg are given in Table | 
From this table the conclusion would seem warranted that the 
differences as well as the sums of the molecular rotations are 
functions of the ring structure. A scrutiny of the melting points 
of the <1,5> lactal forms, however, throws some doubt on the 
purity of the benzoates prepared by Fischer and Freudenberg. 
The suspicion was fully justified, inasmuch as the molecular rota- 
tion of the a-<1,5> pentabenzoate was easily raised to +96,600, 
whereas the molecular rotation of the 8 form after ten recrystalliza- 
tions remained practically unchanged. On the basis of this cor- 
rection alone the differences between rotations of the a and £ forms 
of the <1,4> and of the <1,5> lactals would have been identical. 


TABLE I. 
Melting point, [M],, A z 

| °C. } | 

a-<1,5> Pentabenzoate... 155-177 +75,320 | .. 2. ; 
o = , - | 58,730 | 91,910 
B-<1,5> ” are 187 ( Not | +16,590 
sharp.) 
-. Ss ‘“ > 19 i 

a-<1,4> ita 118-120 by 77.000 | 4.200 

| | 


B-<1,4> Kien 149-151 





It was therefore concluded to test the purity of the pentabenzoates 
of Schlubach and Huntenburg with the result that in this case also 
the molecular rotation of the a form was raised considerably. 

From Table II it is seen that whenever two pairs of derivatives 
of the same sugar have been prepared crystalline, the values of the 
difference between the molecular rotations of the a and 6 forms 
differ with the ring structure. And if these observations are 
substantiated on a larger group of substances, it will be necessary 
to conclude that the <1,4> methylated methylglucosides pre- 
pared up to the present time were not perfectly pure. 

From Table II another fact comes to light ; namely, that the sum 
of the rotations of the a and @ forms consistently has a lower value 
in the <1,4> lactal structures. Thus for the present the sum of the 


5 Fischer, E., and Freudenberg, K., Ber. chem. Ges., 1912, xlv, 2725. 
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VO older molecular rotations of the a and B forms may be relied upon for the dif- 
l of those ferentiation between the <1,4> and the <1,5> lactal structures. A 
Table I. j difference of this kind in the substituted sugars in a way seems to be 
that the expected inasmuch as Levene and Meyer have observed that the 
Lions are substitution of the hydrogen of the hydroxy] in position (5) in meth- 
1g points ylated gluconic acids leads to a change of the molecular rotation 
t onthe — to the left; thus the value of a dextrorotatory substance should 
denberg § either drop numerically if the original value is high, or should 
lar rota- change the direction of rotation, whereas the numerical value of 
+ 96,600, the levorotatory form should always rise. If this phenomenon 
stalliza- were the cause of the difference in the rotations of the <1,4> and 
this cor- & <1,5> lactals of the substituted sugars, the differences between 
Bforms § the a forms of the <1,4> and of the <1,5> lactals should be 
lentical. equal to the differences between the rotations of the 8 forms, and 
TABLE IL. 
5 a form. | 8 form. | 
sessed an A z= 
—= | i}, | Od, | 
91,910 <1,5> Tetramethylmethylglucoside.. .|+38,500 — 4,250] 42,750 34,250 
<1,4> “ .|4+26,000|—16,000| 42,000 | 10,000 
<1,4> Trimethylmethylglucoside. . . . .|-+21,948}—20,532) 42,480 | 1,416 
4,200 <1,5> Pentabenzoylglucose........... | +96, 600|+-16, 800) 79,800 {113,400 
—_ <1,4> a a rier |+55,300 —37,800} 93,100 | 17,500 
<1,5> Pentacetylgalactose............|+41,700)+ 8,970) 32,730 | 50,670 
— <1,4> _ a Te |+23,800| —16, 400 40,200 | 7,400 
ise also 
erably. if that were so, one could expect no differences in the rotations of 
vatives lactal isomers of the non-substituted sugars. Fortunately, the 
| of the observations do not agree with this supposition, and therefore one 
forms §— may expect that also in the non-substituted sugars, the sum of 
ns are the rotations of the a and 8 forms of the <1,5> lactals will be 
essary larger than that of the <1,4> lactals. We must add, however, 
Spree fl that the possibility is not excluded that the two common forms of 
pentabenzoylglucose are not a and @ forms, even though the £- 
e sum benzoate was prepared from pure f-glucose. As a rule, in the 
value acylated sugars the 8 form has the higher melting point. In this 
of the case, however, the a form melts sharply at 187°, whereas the 8 


form melts sharply at 157°. However, there is also a possibility 
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that not all levorotatory forms have the identical allocation of 
the hydroxyl on carbon atom (1). 

The procedure in the preparation and in the purification of the 
pentabenzoates employed by us differed from the methods em- 
ployed by Fischer and Freudenberg and by Schlubach and Hun- 
tenburg in the following details. The pentabenzoates of the 
<1,5> lactal structure wete prepared by the action of benzoyl 
chloride on the a- and 6-glucoses in pyridine solution instead of 
quinoline. Care was taken also to have the a and 8 forms of 
glucose of the highest purity. The 6-pentabenzoate was recrys- 
tallized ten times from chloroform and six times from ethyl acetate. 
It settled out from alcohol in the form of striated balls having the 
correct composition and the same specific rotation as the crystalline 
substance. After each of the last four recrystallizations, the melt- 
ing point remained unchanged. 

The forms of Schlubach and Huntenburg in a crude state were 
found very insoluble in alcohol and could not be made to erystal- 
lize from hot alcohol. The substances, however, did crystallize 
readily from alcohol containing 5 to 10 per cent of pyridine. After 
several recrystallizations from this solvent the substances crystal- 
lized well from alcohol and soon reached the higher values for their 
molecular rotations. 


EXPERIMENTAL. 


a-Pentabenzoylglucose—10 gm. of dried anhydrous a-glucose 
with [a], =-+114° were added to a solution of 35 ec. of benzoyl 
chloride, 42 ec. of pyridine (dried over BaO), and 70 ec. of dried 
chloroform. This solution of benzoyl chloride was prepared by 
cooling each reagent to —10°, dissolving the benzoyl chloride in 
an equal volume of chloroform, and adding this to a solution of 
the pyridine in 35 ce. of chloroform. 

On adding the sugar to this reagent, reaction set in very shortly 
and had to be controlled by proper cooling with salt andice. The 
sugar was soon dissolved and the reaction mixture allowed to stand 
at 0° for 18 hours. 

A large quantity of chloroform was then added and the chloro- 
form solution was washed successively with dilute sulfuric acid and 
sodium carbonate solution. All solutions were kept at 0° during 
the operation. The chloroform solution was dried with anhydrous 
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sodium sulfate, and the chloroform was then removed under dimin- 
ished pressure. The residue was then taken up in alcohol and the 
mixture was evaporated to dryness under reduced pressure at a 
temperature of the water bath not exceeding 30°. The operation 
was repeated several times. The residue was taken up in hot alco- 
hol containing 10 per cent of pyridine and allowed to crystallize. 
The substance was then recrystallized from alcohol containing 5 per 
cent of pyridine and finally from alcohol. It melted sharply at 
187°. 
The substance analyzed as follows :* 


4.795 mg. substance: 12.400 mg. CO, and 2.000 mg. H.0. 
CuH0n. Calculated. C 70.26, H 4.61. 
Found. “* 70.52, ‘ 4.67. 


The rotation in chloroform was as follows: 


3.77° 100 
lab = m7 + es 
6-Pentabenzoylglucose.—50 gm. of 8-glucose with [a], = —20° 


were added to the same proportion of benzoylating reagent. 
The reaction was not as violent as with the a-glucose. The 
mixture was shaken mechanically at 15° and in 2 hours crystals 
of the pentabenzoylglucose settled out completely. These were 
filtered and washed with methyl alcohol. The yield of this 
product was 120 gm. The material was recrystallized ten times 
out of chloroform and six times out of ethyl acetate. The sub- 
stance after drying to constant weight under reduced pressure 
at the temperature of alcohol vapor melted sharply at 157°. 


4.451 mg. substance: 11.508 mg. CO, and 1.860 mg. H.0. 
CyuH 20. Calculated. Cc 70.26, H 4.61. 
Found. “* 70.49, ‘* 4.67. 


The rotation of the substance in chloroform was 


»  +0.72° X 100 
co F_—X—“—“__"-_-— 26°. 
[a], 1 X 3.00 + 


After four chloroform recrystallizations a small sample was 


* All substances were dried under reduced pressure at the temperature of 
carbon tetrachloride vapor. 
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dissolved in a large excess of 99.8 per cent alcohol. On cooling a 
somewhat gelatinous mass settled out. It consisted of micro- 
scopic globules showing under the microscope marked striations, 
The substance did not have a sharp melting point; it contracted at 
170° and melted at 180°. It analyzed as follows: 


5.251 mg. substance: 13.495 mg. CO» and 2.271 mg. H:0. 
CyuHsO0On. Calculated. C 70.26, H 4.61. 
Found. “* 70.08, “* 4.83. 


A small sample of the substance recrystallized from ethy] acetate 
was dissolved in hot absolute alcohol and was allowed to settle out 
on cooling. The substance again had a somewhat gelatinous 
appearanee. It melted sharply at 156-157° and had the following 
rotation in chloroform. 


94° 


» _ +.0.72° X 100 _ 
le], = 1xX300 | 


t 


4.240 mg. substance: 10.930 mg. CO: and 1.749 mg. H;0. 
CyuH 20. Calculated. C 70.26, H 4.61. 
Found. ** 70.29, ‘* 4.61. 


a-Pentabenzoyl-y-Glucose.—This was prepared according to the 
directions of Schlubach and Huntenburg. The crude product was 
taken up in hot alcohol and the alcohol removed by distillation 
under reduced pressure at a temperature of the water bath of 35°. 
The operation was repeated five times. The residue was then 
crystallized twice out of aleohol containing 5 per cent of pyridine 
and repeatedly out of hot alcohol. The final product melted 
sharply at 118° and analyzed as follows: 


5.060 mg. substance (No. 79): 13.090 mg. CO, and 2.175 mg. H,0. 
CuH301. Calculated. C 70.26, H 4.61. 
Found. ** 70.43, ‘* 4.80. 


The rotation of the substance in chloroform was 


» + 1.58° X 100 
[a], = 1 X 2.00 





B-Pentabenzoyl-y-Glucose.—25 gm. of tribenzoyl monoacetone 


glucose carbon tetrachloride addition product were dissolved in 
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ether and concentrated under reduced pressure to remove the CCl,. 
The syrup was dissolved in 14 gm. of benzoyl chloride and shaken 
at 15° with 88 gm. of 20 per cent sodium hydroxide. The product 
was then extracted with chloroform and the chloroform solution 
treated as described in the previous section. The final product, 
which was more insoluble in alcohol than the a form, was dissolved 
on warming in a minimum amount of pyridine. To the solution 
aleohol was added until incipient opalescence was noted. The 
substance soon crystallized. It was recrystallized several times 
out of aleohol containing 10 per cent of pyridine, then out of 
aleohol containing, 5 per cent of pyridine, and finally out of alcohol 
until the rotation became constant. The substance melted at 
146-147° and analyzed as follows: 


4.450 mg. substance: 11.484 mg. ©O, and 1.851 mg. H.O. 
CaHy»On. Calculated. C 70.26, H 4.61. 
Found. a, * €e. 


The rotation of the substance in chloroform was 























GROWTH UPON DIETS PRACTICALLY DEVOID OF ARGI- 
NINE, WITH SOME OBSERVATIONS UPON THE RE- 
LATION OF GLUTAMIC AND ASPARTIC 
ACIDS TO NUTRITION.* 


By W. EDWARD BUNNEYj{f wir WILLIAM C. ROSE. 


(From the Laboratory of Physiological Chemistry, University of Illinois, 
Urbana.) 


(Received for publication, December 20, 1927.) 


The relation of arginine to maintenance and growth has been the subject 
of several investigations none of which has yield convincing results. Inthe 
well known paper of Ackroyd and Hopkins (1916), involving the feeding of 
a casein digest from which both arginine and histidine had been precipi- 
tated, the authors conclude that these two amino acids are interchangeable 
in metabolism. In so far as the replacement of histidine by arginine is 
concerned, this conception is erroneous as was shown by Rose and Cox 
(1924). The latter demonstrated that arginine is entirely incapable of 
improving the quality of a diet deficient in histidine. On the other hand, 
in the absence of added arginine the inclusion of histidine in the ration leads 
to rapid growth. It was pointed out, however, that these findings must 
not be interpreted as indicating that arginine is an unnecessary component 
of the diet, inasmuch as no definite information is available as to the 
completeness of removal of the amino acid by the method employed. 

Abderhalden (1922) is of the opinion that arginine is indispensable in 
nutrition, but his conclusion is based upon insufficient data. His investi- 
gations are open to the further criticism that the experimental animals 
frequently were not supplied with adequate amounts of vitamins. The 
latter fact renders some of his results impossible of interpretation. More 
recently Stewart (1925) has reported that the addition of arginine to a diet 
from which both arginine and histidine have been precipitated renders the 





*This communication was presented in abstract before the National 
Academy of Sciences at Urbana, Illinois, October 19, 1927. See Bunney, 
W.E., and Rose, W.C., Science, 1927, lxvi, 433. 

} The experimental data in this paper are taken from a thesis submitted 
by W. Edward Bunney in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in Physiological Chemistry in the Graduate 
School of the University of Illinois. 
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ration adequate for maintenance but not for growth. His findings haye 
been discussed at some length elsewhere (Rose and Cox, 1926), and need 
not be considered in detail here. Using an entirely different procedure 
Crowdle and Sherwin (1923) have shown that fowls are capable of synthesiz. 
ing ornithine for the detoxication of benzoic acid. Since ornithine jg g 
component of arginine it is possible that the latter also may be a synthetic 
product in the species in question. 

The method which has generally been employed for the remoyal of 
arginine from a hydrolyzed protein is precipitation with silver sulfate and 
barium hydroxide according to the procedure of Kossel and Kutscher 
1900-01). Gulewitsch (1899, p. 209) states that the solubility of arginine. 
silver under the conditions of its precipitation amounts to 35 to 36 mg, 
expressed as free arginine, per liter of solution. When one recalls the 
enormous volume of fluid, the use of which in the Kossel-Kutscher method 
is necessitated by the relative insolubility of the silver sulfate, it is readily 
seen that, if the solubility value reported by Gulewitsch is correct, very 
appreciable quantities of arginine must escape removal. In the earlier 
experiments from this laboratory it was impossible to decide whether the 
satisfactory growth secured without the addition of arginine to the food 
was due to traces of this amino acid which had not been precipitated, or to 
the fact that arginine is an unnecessary component of the diet. 

Our attention has been directed anew to this problem by the papers of 
Kossel and Gross (1924) and Kossel and Staudt (1926), in which is described 
a procedure for the precipitation of arginine as the salt of flavianic acid 
(2,4-dinitro-l-naphthol-7-sulfonic acid). The latter is a non-toxic dye 
which is used asafood color. The sodium salt is sold under the trade name 
of ‘‘Naphthol Yellow S.’’ According to Kossel and his associates, arginine 
is removed so completely by the reagent in question that the process may 
be employed for the quantitative determination of the amino acid. In 
addition to ease of manipulation, the procedure possesses the further 
advantage over the Kossel-Kutscher method that the high solubility of 
flavianic acid obviates the necessity of using large volumes of fluid. In 
view of these facts we have undertaken the preparation of arginine-free 
diets by the flavianic acid method, and the study of their adequacy for 
maintenance and growth. 

Some of our experiments have involved the use of a preparation of 
hydrolyzed casein from which not only arginine but a large part of the 
glutamic, hydroxyglutamic, and aspartic acids also had been removed 
Concerning the nutritive importance of the dibasic amino acids the litera- 
ture affords comparatively little information. Hydroxyglutamic acid 
evidently is not a necessary component of the diet inasmuch as Osborne, 
Leavenworth, and Nolan (1924) have pointed out that edestin, which does 
not contain this amino acid, is capable of supporting normal growth. 
Abderhalden (1922) is of the opinion that glutamic and aspartic acids are 
essential components of the ration, though the experimental data upon 
which this conclusion is based are exceedingly meager and unconvincing 
On the contrary, Hopkins (1916) believes that neither glutamic nor aspartic 
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acid is indispensable. He calls attention to the fact that teleologically 
this finding is very surprising inasmuch as most proteins contain unusually 
large amounts of glutamic acid. Sherwin, Wolf, and Wolf (1919) report 
that in the human subject glutamine may be synthesized for the purpose 
of detoxicating phenylacetic acid. This observation has been confirmed 
by Shiple and Sherwin (1922) who state that the synthesis is accomplished 


at the expense of nitrogen which otherwise would appear in the excreta 
removal of , 


sulfate and 
1 Kutscher 
»f arginine- 


as urea. 


The chemical similarity of ornithine and glutamine, the latter 
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Arginine and Growth 
EXPERIMENTAL. 


White rats served as the experimental animals. The compos 
tion of the diets is shown in Table I. Diets 1 and 2, whieh 
contained Preparation 1 of hydrolyzed casein, were practically 
devoid of arginine, and low in glutamic, hydroxyglutamic, and 
aspartic acids. Diet 3, in which the nitrogenous material con- 
sisted of Preparation 2 of hydrolyzed casein, contained the three 
dibasic acids, but had been treated for the removal of arginine. 
The details followed in preparing the two materials are outlined 
below. 

Preparation 1.—This was made as follows: 2 kilos of casein 
were refluxed on a sand bath for 16 hours with a mixture of 
2500 ce. of concentrated sulfuric acid and 7500 ce. of distilled 
water. The resulting solution was diluted with distilled water 
and treated with barium hydroxide until only a trace of sulfuric 
acid remained. After filtering off the barium sulfate, the precipi- 
tate was washed twice by suspending in approximately 10 liter 
portions of distilled water and passing in steam until the suspen- 
sion had been thoroughly heated. The combined filtrate and 
washings were evaporated in vacuo to a volume of about 3 liters, 
and the less soluble amino acids allowed to crystallize out. The 
latter were recrystallized twice from water, and the mother liquors 
returned to the original solution. The insoluble fraction was 
put aside to be combined with the other amino acids after the 
precipitation of arginine and the dibasic amino acids. This 
procedure was followed in order to enable us to remove the 
arginine in as concentrated a solution as possible without running 
the danger of the simultaneous loss of large amounts of other 
amino acids. The marked solubility of arginine, and the two 
recrystallizations, certainly would appear sufficient to exclude 
the possibility of appreciable traces of this amino acid remaining 
in the less soluble fraction. Recently, tests on such a material 
after double recrystallization have shown the entire absence of 
histidine which is closely related to arginine in physical properties. 
No delicate and reliable test for minute traces of arginine i 
available. 

The solution, now amounting to approximately 4 liters, was 
treated with 400 gm. of flavianic acid dissolved in 200 ce. o 
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boiling water, and gently stirred until the arginine salt began to 
separate. The mixture was then allowed to remain in an ice box 
for 4 days, after which the precipitate was filtered off with the aid 
of suction. In order to insure the removal of arginine as com- 
pletely as possible, the filtrate was again concentrated in vacuo 
to a volume of approximately 2.5 liters, and treated with addi- 
tional flavianic acid. After standing 4 days in the ice box a small 
precipitate had formed, and was filtered off. The excess sulfuric 
acid and most of the flavianic acid were then precipitated with 
barium hydroxide. A trace of flavianic acid remained in solution. 
This is unimportant in view of the non-toxic nature of the dye. 

The resulting solution was employed for the removal of the 
dibasic amino acids according to the procedure of Kingston and 
Schryver (1924). For this purpose barium hydroxide was added 
in 30 per cent excess (as determined by a Sérensen titration), and 
the whole was treated with 4 volumes of 95 per cent alcohol added 
slowly with constant stirring. After standing in the ice box for 
3 days, the barium salts of the dibasic acids were removed by fil- 
tration. Sulfuric acid was added in slight excess, the barium 
sulfate filtered off, and the filtrate evaporated in vacuo to a 
volume of approximately 5 liters. At this point barium hydroxide 
was added cautiously until neither the barium nor sulfate ion could 
be detected, and the solution was again filtered. The insoluble 
fraction which separated before the arginine precipitation was 
now suspended in the above filtrate, the whole evaporated to a 
thick paste, and dried at 80° in a vacuum oven. The resulting 
material was ground, and put through a 40 mesh sieve. The 
yield amounted to 803 gm. 

Preparation 2.—This was made from 2 kilos of casein in a 
fashion analogous to that employed in Preparation 1 except that 
the dibasic amino acids were not precipitated. On the other 
hand, the material was subjected to double precipitation with 
flavianic acid, and every precaution was taken to remove the 
arginine as completely as possible. After the first precipitation 
at a volume of 4 liters, the filtrate was concentrated to 1800 cc., 
additional flavianic acid added, and the mixture allowed to stand 
in the ice box for 3 days. The resulting precipitate was very 
large and must have contained many amino acids in addition to 
arginine. All were removed by filtration and discarded. This 
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accounts for the fact that the final weight of arginine-free materia] 
amounted to only 572 gm. We deliberately sacrificed yield in 
order to secure as complete precipitation of arginine as was 
possible. 

Preliminary experiments showed that both of the above prep- 
arations were deficient in histidine. This is in accord with the 
observations of Vickery (1926) that a large excess of flavianic 
acid quantitatively removes histidine as the diflavianate. This 
fact necessitated the addition of histidine to each of our diets 
as is shown in Table I. 

We are convinced that both of the above preparations were as 
near arginine-free as can be secured by the flavianic acid procedure, 
Furthermore, if the statement of Kossel and Staudt (1926) con- 
cerning the quantitative nature of the precipitation is corréct, 
our materials could not have contained more than the most minute 
traces of arginine. On the other hand, we are not as certain 
regarding the completeness of removal of the dibasic amino acids 
from Preparation 1. The Kingston and Schryver method is 
generally regarded as the most reliable procedure for the deter- 
mination of glutamic, hydroxyglutamic, and aspartic acids, so 
that if appreciable quantities of these amino acids were present 
in our product, the explanation is probably to be found in the 
fraction of less soluble amino acids. Free glutamic and aspartic 
acids are not very soluble in water, and it is quite possible that 
two recrystallizations of the insoluble fraction may not have re- 
moved them completely. Inasmuch as our interest in this work 
was centered especially upon arginine, we preferred to adopt a 
procedure which would insure its removal even though by so doing 
some of the dibasic acids may have escaped complete precipitation. 

The amino acids which were used as supplementing agents were 
prepared in this laboratory, and were of known purity. Both 
histidine and arginine were fed as the monochlorides, and before 
being incorporated in the diets were treated with the theoretical 
amount of sodium carbonate necessary to neutralize the hydro- 
chloric acid. The inorganic portion of the rations was supplied 
in the form of Osborne and Mendel’s salt mixture (1919). 

Each rat received daily as a source of vitamin B a pill containing 
200 mg. of brewers’ yeast. In preliminary experiments, the 
results of which are not included in this report, a commercial 
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yeast extract was used instead of whole yeast. We discovered, 
however, that our animals were not receiving an adequate supply 
of vitamin B, and after trying several such commercial extracts 
without satisfactory results, resorted to the use of yeast. We 
realize that in so doing small amounts of arginine were introduced 
into the rations. Analysis of our yeast according to the method 
of Kossel and Staudt (1926) showed that each animal received not 
more than 2.9 mg. of arginine daily from this source. On a nor- 
mal 18 per cent casein diet, at the usual rate of food consumption, 
arat ingests 50 to 60 mg. of arginine per day. 

In the experiments involving the addition of arginine, glutamic 
acid, or aspartic acid, the amino acids invariably were incorpo- 
rated in the vitamin pills. The quantities administered daily in 
these cases are indicated below. 


mg. 
DN oy a id wae hope ele owe ckadels waaes : 50 or 100 
I og Be ted otk eon etre ceeding . 130 
I, FO Ss ic wph nine cee ica k wie Rie eo ek oo 20 


The results of the experiments are shown in Charts I to V 
inclusive. In Chart I, two of the animals (Rats 648 and 649) 
were kept for the duration of the experiments upon Diet 1 without 
the addition of arginine. Rat 647 received Diet 1 plus 100 mg. 
of arginine daily. Rats 650 and 651 received Diet 1 for 24 days, 
and were then changed to Diet 2 (9 per cent of the amino acid 
mixture) supplemented with 50 mg. of arginine in one case, and 
with 130 mg. of glutamic acid and 20 mg. of aspartic acid in the 
other. All of the curves show quite rapid growth with no evi- 
dence of dietary deficiency. Rat 647, after growing for 20 days 
at a rate comparable to that displayed by the other animals, 
suddenly began to increase in body weight somewhat more rapidly. 
That this behavior was an accidental difference unassociated with 
the presence of arginine in the ration is indicated by the fact that 
it failed to occur more promptly. Slight variations of a similar 
sort are to be seen in the other charts. 

Charts II and III also fail to furnish any evidence of arginine 
deficiency. It is perhaps noteworthy, as illustrating the accidental 
variations referred to above, that Rat 659 (Chart III), which 
received 100 mg. of arginine daily, made a less satisfactory total 
gain than did his litter mates, Rats 657 and 661, which received 
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Cuart I. In all of the charts the numbers in parentheses signify the 
initial and final weights of the rats. The arrows show the points at which 
the dietary alterations were made, while the numbers just above the 
arrows correspond to the diet numbers in Table I. When supplementing 
amino acids were fed this fact is indicated by symbols following the diet 
numbers. The letter A denotes 50 mg. of arginine; 2A, 100 mg. of arginine; 
G, 130 mg. of glutamic acid; and Asp, 20 mg. of aspartic acid. Thus 1+2A 
signifies that Diet 1 was supplemented with 100 mg. of arginine daily; 
2+GAsp that Diet 2 was supplemented with 130 mg. of glutamic acid and 
20 mg. of aspartic acid daily. 
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50 and 0 mg. respectively. In the same chart will be seen the 
fact that the transfer of Rats 658 and 660 to the 9 per cent level 
of nitrogenous material led to a pronounced temporary decrease 
in growth rate lasting for 16 days. But here again there is to be 





/(179) 





CHART II. 


Litter B. 








(125) 

















(171) 


























20 days) 











6549 (77) 


| [ma 
Se | 


a 
































Cuarrt II. 


found no correlation between the character of the curves after the 
| dietary changes and the arginine content of the food, inasmuch as 
Rat 658 which received the amino acid was not more successful 
in growth than was Rat 660 which did not. 
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Most of the experiments recorded in Charts I to III inclusive 
involved the use of a diet containing 12 per cent of hydrolyzed 
protein. Osborne and Mendel (1915) have shown that rats grow 
at almost normal rates upon a diet containing 12 per cent of whole 
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Cuart III. 


casein; but the decrease of the protein to a 9 per cent level leads 
to prompt inhibition in growth unless cystine is incorporated iD 
the food. In other words, the essential amino acid present 2 
smallest amount, in this case cystine, becomes the limiting factor 
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in growth as the protein intake is diminished. These observations 
of Osborne and Mendel suggested the desirability of making addi- 
tional experiments with a diet containing 9 per cent of our arginine- 
free hydrolyzed casein. The results obtained with two litters 
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Cuart IV. 


of rats are shown in Charts IV and V. It will be observed that 
in contrast to the behavior of most of the animals which were fed 
the 12 per cent ration and later changed to the 9 per cent basis 
(of. Charts I and III), rats which received the lower proportion 
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from the beginning invariably lost weight for about 10 days. 
was succeeded, however, by rather steady growth at about half 
Even upon the low nitrogen intake the animals 
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which received arginine did not succeed in increasing in body 
weight more rapidly than did their litter mates without added 
arginine. 
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8. This The results of the above experiments point strongly to the 
out half conclusion that arginine is not an essential component of the diet. 
animals We hesitated to make such a deduction on the basis of experiments 

hitherto published from this laboratory because we felt that un- 
28) | known, and possibly appreciable quantities of arginine remained 
— in our rations after the silver treatment. On the other hand, 
23) the use of flavianic acid, which permits the precipitation of this 

amino acid in a very concentrated solution, thereby diminishing 
— the probability of incomplete removal, together with the fact 
34) that the resulting amino acid mixture, when supplemented with 

histidine, cystine, and tryptophane, may be reduced in the diet 
50) to a 9 per cent level without the slightest indication of arginine 


deficiency, certainly would seem to provide sufficient justification 
for the belief that this amino acid is a dispensable dietary constitu- 
10) ent. It must be admitted that the traces of arginine present in 
the yeast employed as a source of vitamin B, and the unknown 
but presumably very small traces which failed to be precipitated 
—| from the hydrolyzed casein by flavianic acid, may have been 


6) sufficient to meet the arginine requirements of the animals. We 
believe that such a view is very improbable inasmuch as it in- 

— volves the assumption that these traces were not only adequate to 
permit some growth, but were sufficient to induce the best growth 

5) possible on the diets in question. 

wo As regards the bearing of our experiments upon the problem of 


the importance of glutamic and aspartic acids we do not feel justi- 
fied, at the present time, in drawing definite conclusions. It may 
— be stated with assurance that the quantities of these amino acids, 
particularly glutamic acid, which are present in casein far exceed 
the demands of the organism for them. If they are necessary 





—— dietary components at all, the amounts required by the rat for 
growth are very small as compared with the proportions ordinarily 
received in a casein ration. This aspect of the problem is being 


investigated further. The chemical similarity of ornithine, 
glutamic acid, proline, and the hydroxyl derivatives of the two 
latter suggests the possibility that these compounds may be 
n body closely associated physiologically, or even interchangeable in 
t added | metabolism. No evidence for or against this conception has 
been secured in the above experiments, but we expect to have 
additional information regarding this point in the near future. 
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SUMMARY. 


Rats have been maintained for periods of 100 days upon diets 
practically devoid of arginine. During this time excellent growth 
occurred. When the arginine-free amino acid mixture composed 
12 per cent of the ration, the animals grew at practically normal 
speed. When the nitrogenous portion of the diet was decreased 
to a 9 per cent level, the increase in body weight occurred at about 
half the normal rate. The less rapid growth under the latter 
circumstance was not due to a deficiency of arginine as is shown 
by the fact that the addition to the diets of the amino acid in 
question entirely failed to accelerate growth. The above results 
are believed to point very strongly to the conclusion that arginine 
is not indispensable for normal nutrition. 

Other experiments show that rapid growth can be secured upon 
diets not only practically devoid of arginine, but also low in 
glutamic and aspartic acids. While definite conclusions cannot 
be drawn at the present time concerning the dispensable or 
indispensable nature of the dibasic amino acids, it is evident that 
if they are necessary dietary components, the amounts required 
for growth are very small as compared with the quantities 
ordinarily present in a casein ration. 
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ELECTRODIALYSIS OF TUBERCULIN. VIII.* 


By FLORENCE B. SEIBERT anp MILTON T. HANKE. 
(From the Otho S. A. Sprague Memorial Institute and the Department of 
Pathology, University of Chicago, Chicago.) 


(Received for publication, December 10, 1927.) 


The question of the dialysis of tuberculin has been considered 
previously (1) and through the use of a special continuous dialyzing 
apparatus, designed by one of us (2), it was possible to establish 
definitely that the specific reacting substance of tuberculin does 
not dialyze through parchment or fish skin membranes, except in 
minutest traces. Never before had it been possible to obtain 
the entire diffusate in such a small volume and with such little 
manipulation, and therefore, the conditions maintained in this 
apparatus were peculiarly adapted for this type of investigation. 
The apparatus can be used equally well for extraction. The 
present report deals chiefly with the question of electrodialysis 
of tuberculin. 

Since raw tuberculin is one of the many substances which con- 
tains but a minute quantity of the specific active principle (0.1 to 
0.5 gm. of water-soluble fraction per liter), compared with the 
bulk of other constituents present, it has been particularly de- 
sirable to dialyze a liter or more at a time instead of the 100 to 
150 ee. used in the original glass dialyzer described by Hanke and 
Koessler (2). 

We wished also to try the effect of a continuous electric current 
on the activity of tuberculin. A larger apparatus was therefore, 
designed, identical in principle with that previously described and 
differing in design only in the construction of the dialyzing chamber. 

The dialyzing chamber is a cylindrical can constructed of heavy, 
block tin, lined with Bakelite.! It is 6 inches in diameter and 93 


* Aided by a grant to Dr. Esmond R. Long from the Medical Research 
Committee of the National Tuberculosis Association. 

‘The Bakelite is applied as a spray. The can is baked at 150° which 

gives a hard, adherent film which not only eliminates every possibility of 
corrosion but also acts as an electrical non-conductor. 
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inches high. The bottom is flat. A heavy brass flange is soldered 
to the top of the can. This is grooved and equipped with a soft 
rubber gasket. The lid is of heavy brass and carries three outlet 
tubes that correspond to the similar outlets in the glass apparatus, 
These tubes are equipped with one-hole rubber stoppers through 
which the glass tubes are inserted. The lid is clamped to the can 
by means of six thumb screws. The overflow outlet tube (marked 
F in the glass apparatus) (2) is soldered into the side of the can, § 
inches from the bottom. 

The new feature is the introduction of electrodes, which makes 
it possible to subject the material in the sac to electrodialysis and 
which also makes it possible to test for residual ions without dis- 
rupting the apparatus. For this purpose the can has been equip- 
ped with two outlet tubes—diameter 1 inch—placed at opposite 
sides of the can at a height of 5 inches and removed by 90° from the 
overflow tube. The negative electrode is a copper plate about 6 
inches high and 3 inches wide, bent so that it fits snugly into the 
curvature of the can. It is held in place by means of a brass bolt 
drawn through the rubber stopper with which one of the side 
outlets is closed. The positive electrode is a piece of platinum 
foil backed with Bakelite. The Bakelite is held in place by means 
of a brass bolt drawn through the rubber stopper of one of the side 
outlet tubes. This brass bolt must not be in contact with the 
platinum electrode. Electrical connection with the platinum foil 
is established by means of a piece of platinum wire drawn through 
a glass seal in the rubber stopper. 

The 110 volt direct current supply is reduced by inserting a 40 
watt lamp in series with the electrodes. The line is also, of course, 
equipped with a switch for breaking the circuit. The potential 
difference between the two electrodes is determined with a volt- 
meter. The large parchment dialysis sac is suspended between 
the two electrodes when the apparatus is in operation. 





EXPERIMENTAL. 


Tests were made to ascertain the potential difference registered 
by the voltmeter in this apparatus when the can contained sodium 
chloride in various concentrations. The results are summarized 
in Chart 1. 

It will be seen that a voltage of 30 or more corresponds to a salt 
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concentration of about 0.01 per cent and a voltage of 75 to a con- 
centration of about 0.001 per cent. At this point the light is very 
dim and, therefore, when the light goes out, the resistance to the 
current is practically that of distilled water, or, in other words, 
the concentration of electrolytes remaining within the sac is neglig- 
ible for most purposes. 

The efficiency of the apparatus was determined by dialyzing 
ammonium sulfate solutions with and without the use of the cur- 
rent. An especially high grade of parchment was used as the 
membrane. 

Table I shows that 89 per cent of the (NH,).SO, dialyzed in 24 
hours whether the current was on or not. 100 per cent of the 


BS SOA & 


Lignt aimn 









0001 OOS oO 025 Os 7 
. 40 


Per cent concentration of NaCl. 
Cuart l. 


ammonium sulfate had come over into the receiving flask during 
the night or somewhere between 60 and 68 hours after beginning 
dialysis with the current; therefore, while the great bulk of ions is 
leaving the sac, the current does not seem to be of much value, 
but during the final stages of dialysis the current aids in dragging 
out the last few ions. When a similar experiment was made with- 
out the current, even after 65 hours of dialysis, there was still 
0.76 per cent (NH,).SO, left within the sac. 

The effect of electrodialysis on the activity of tuberculin has 
been the goal of this preliminary work and, therefore, with the 
fundamental knowledge described above, an experiment was 
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TABLE I. 
, | Tas Per cent 
Weight of | Volumeof!| Weight of | ,.. F r , 
(NH4)2SOs | original Fn of | (NHy)2SOs —- Current. Test with 
used. | solution. jatysis. | dialyzed. — ‘ aCe. 
| | ime. 
gm. | ce. hrs gm 
100 | 200 | 24 89 89 | With. 
60-68 100 100 _ 
100 | 200 | 24 89 89 Without. 
65 99.2 99.2 + 
TABLE II. 
Nl 
p Voltage Weight of | 
Geant ‘lime of | atend of residue | Skin tests in guinea pigs Cc ‘ 
i -— sd dialysis experi- after (0.1 mg. dose). Urrent, 
oe ment, dialysis. 
Hanke apparatus. 
ce. hrs. : gm. | | 
500 48 | 74 | 0.245 | Normal, trace. | With 
| Tuberculosis, 3+ 
| “ 5 4 
500 60-72 82 | 0.573 Normal, 1-2+ | Without. 
| Tuberculosis, 4-5-4 
| 7 a+ 
=a ns 
Bronfenbrenner apparatus. 
™ io foe i 
250 | 4 | 82 | 0.0175 Normal, trace. | With. 
| Tuberculosis, 1+ | 
| . 1-2+ | 
) 
250 9 88 0.035 Normal, 1+ Without. 
Tuberculosis, 4-5+ | 
| - 5+ 
| | 
| ‘“ 4+ { 
| “ A. 
| | | 4+ | ‘ 
a 
carried out in which 1 liter of tuberculin was dialyzed continuously 
for 87 hours with the current passing through the sac. The final 
I 


voltage was 40 and volume 1130 ce. 


When this residue was tested 
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in tuberculous guinea pigs, moderate skin reactions were obtained, 
indicating that the activity is not destroyed even when the tuber- 
culin is exposed to the current for as long as 87 hours. 

A quantitative experiment was then carried out to test the effect 
of the current upon the amount of non-dialyzable residue as well 
as upon its activity. The non-dialyzable residue was freed from 
water by evaporation in vacuo. The dry powders so obtained 
were weighed. Skin reactions on guinea pigs were carried out 
with 0.1 mg. portions of the dry powders. The intensity of the 
skin reactions is graded, the one + being the minimum and the 
five + the maximum reaction. Table II, which is a summary of 
the results obtained, shows the following. 

1. The residue obtained after direct dialysis weighs about twice 
as much as that obtained by electrodialysis. The current evi- 
dently forces molecules through the membrane that would not 
have gone through by simple diffusion. This same phenomenon 
was observed by Sgrensen (3), using the Pauli apparatus. He 
found that egg albumin, which originally did not penetrate collo- 
dion membranes, began to come through near the anode but not 
near the cathode when the circuit was closed. 

2. There is no evident difference in activity between 0.1 mg. 
portions of the dry residue obtained by either process. The 
electric current does not destroy the activity of tuberculin. 

We also attempted to study the effect of electrodialysis on tuber- 
culin using the Bronfenbrenner apparatus.2. A 5 per cent solu- 
tion of soluble guncotton in glacial acetic acid was used and the 
membranes were made exactly as specified by Bronfenbrenner (4). 
We found on two different occasions, as shown in Table II, that 
practically all of the active substance dialyzed through the mem- 
brane in this apparatus. This result was rather surprising and 
can be explained only on the basis of two probabilities; namely, 
(1) the membrane is defective; (2) the current is too intense. 

Up to this time, quantitative experiments had not been per- 
formed by the author on the dialyzability of tuberculin through 
collodion membranes. Such experiments were carried out and 
are summarized in Table III. Parlodion was dissolved in equal 


* We wish te express our appreciation to Dr. William Taliaferro for the 
loan of the apparatus and his assistance in conducting these experiments. 
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parts of ether and 95 per cent alcohol, or in equal parts of ether and 
absolute alcohol. 

Table III shows that tuberculin does not dialyze through par- 
lodion membranes if the parlodion is dissolved in a mixture of 
equal parts of ether and absolute alcohol, whereas it does diffuse 
through membranes made with 95 per cent aleohol. This fact may 
lead in the future to a simplified method for separating the spe- 
cifically active tuberculin protein from the crude tuberculin, Fur- 


TABLE III. 


| 
| 





Es ’ 
Sac made of = Tr Skin tests in guinea pigs 
parlodion in ~ =| | = 
Series | equal parts of Oeil @e« = Fracti 
No. ether and alcohol | = s © Zz - racuion aetna i cee see 
| of following 551 §= : 
concentrations os 2: s | Normal. Tuberculous 
la I> | 6 ] 
it : _ 
| day 
Origi- | | 5+ 54 
nal. | | | | 1 died. 
| | | | 
I | 95 percent | 40 | 40} 3) Residue. 1+ 1+ /]5+ 54 
alcohol. 10) Diffusate. | Trace.| 5+ 54 
} BD ins ie | ‘ | - _ 
I] Absolute | 60 | 76 1 | Residue. | 1-4 5+ «(54 
alcohol. | 83 | Diffusate. 1+ 
III | «  « | 30} 47] 4] Residue. | 54 
47 | | Diffusate. Trace 1+ 
| | | | 
IV |} a “ 30 | 55 | 31] Residue. | 1-4 4+ 
18 | Diffusate. 1 2+ 
| | 
V 95 per cent 30 | 35 | 3 | Residue. | 1-2+ 2+ 3+ 
alcohol. 36 | Diffusate. | 1+ 3+ 3+ 





thermore, it may give some clew as to the smallest size molecule 
which contains tuberculin activity. For example, Zilva and 
Miura (5) concluded that the antiscorbutic and antineuritic factors 
were possibly semicolloidal, since they did not diffuse through 
graded membranes which allowed methylene blue, neutral red, 
and safranine to pass. Their membranes were made by soaking 
in varying percentages of alcohol and then graded according to the 
size molecule which passed. 
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An attempt was then made to test similarly sacs made from the 
mixture of soluble guncotton in glacial acetic acid, which had been 
used in the Bronfenbrenner apparatus, but it did not seem possible 
in trial after trial, to make a sac, which by itself would not let 
water through in droplets. Therefore, the results in the previous 
experiments in which this apparatus was utilized, are open to ob- 
jection, even though the membranes were alundum cups impreg- 
nated with collodion. On the basis of the above experiments, it 
may be possible to make suitable impregnation of alundum with 
a mixture of parlodion in equal parts of ether and absolute alcohol 
or some other mixture, and this has been found to be so, but will be 
discussed in a future report. 

CONCLUSIONS. 

Asimple vacuum electrodialysis apparatus has been constructed 
based on the apparatus described by Hanke (2). A liter of fluid 
can be dialyzed at atime. There is no reason why a similar appa- 
ratus could not be constructed that would work equally well with 
practically any volume. The electrodes are of value also in that 
by means of a voltmeter reading it is possible to follow the course 
of the dialysis without disrupting the apparatus. Dialysis is rapid 
and the apparatus requires no attention. 

While the removal of electrolytes from concentrated solutions 
is no more rapid than in non-electrodialysis, the electric current 
greatly enhances the last stages of dialysis, when the concentration 
of electrolytes has become low; 7.e., facilitates the removal of the 
last remaining ions. 

The electric current does not destroy the tuberculin activity 
but it does force some of the active protein through the membrane. 

The active principle of tuberculin does not dialyze through 
parchment in appreciable amounts when the electric current is not 
used nor through collodion membranes made with equal parts of 
ether and absolute aleohol, but if 95 per cent alcohol is used in- 

stead of the absolute the tuberculin protein does diffuse. 
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THE CALCULATION OF CELL VOLUME CHANGES AS A 
FUNCTION OF HYDROGEN ION CONCENTRATION. 


By D. B. DILL.* 
(From the Medical Laboratories of the Massachusetts General Hospital, 
Boston). 


(Received for publication, December 30, 1927.) 


V. 
In order to have at hand a simple method for estimating v, 
b 


as a function of pH, for oxygenated and for reduced blood, the 
calculations of Van Slyke, Wu, and McLean! have been extended. 
The equations employed were Nos. 15 to 18, 24, 27, 29, 30, and 
54 to 56 as denoted in their paper. The symbols here employed 
are the same as in their paper. 

Table I contains the results of such calculations. From them, in 
turn, values for R: or 


Ve 
= t H, = 8.0 
Site 





= at pH, = 6.4 


Vo 


ll 


in oxygenated and in reduced blood were calculated and are shown 
in Fig.1. It wasfound that R, or 


Reduced Ve at pH, = 6.4 
Vo 





Oxygenated Me at pH, = 6.4 
b 


may be represented by the equation 
R: = —0.001 (Hb) + 1.019 (1) 





* National Research Fellow in Chemistry. 
‘Van Slyke, D. D., Wu, H., and McLean, F. C., J. Biol. Chem., 1923, 
lvi, 765. 
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o44 Cell Volume Changes and pH 


In the application of this method one must know (Hb) and 


must have at hand one or more observations on Vv in blood whose 
t) 
pH, is known at least approximately. 

The relative cell volume in oxygenated blood at any pH,, 
designated as a proportion of the oxygenated cell volume when 
pH, = 6.4, may be represented by a straight line joining point 
pH, = 6.4, V. = 1.00 and point pH, = 8.0, V. = value indicated 
in Fig. 1 as corresponding to the experimentally determined (Hb). 

Such representations are exemplified in the linear curves of Fig. 
2 of Van Slyke, Wu, and McLean. Fig. 1 of the present paper 




















TABLE I, 
Ve is 
(Hb) pH, Vb 
| i trierinilininstndatinnesiemesidiindpepatenis wiseiensieninias 
| Oxygenated blood. Reduced blood. 
mM ner he. | ¥ cc. per l —- ind o on L 7. 
3.0 6.4 179.1 182.1 
3.0 8.0 141.0 145.2 
6.0 6.4 354.9 359. 1 
6.0 8.0 290.7 297.5 
9.0 6.4 526.3 531.8 
9.0 8.0 449.3 458.3 
| 
12.0 6.4 693.5 698.2 
12.0 8.0 20.5 629.5 





enables one to locate the point of any such curve at pH, = 8.0 
for any (Hb) and for oxygenated or reduced blood. 

The relative cell volume in reduced blood, designated as a 
proportion of oxygenated cell volume when pH, = 6.4, may be 
represented in a similar fashion. The relative volume at pH, = 
6.4 is given by Equation 1. The relative volume at pH, = 8.0 
is obtained from the same equation and Fig. 1. The two points 
thus determined are joined by a straight line, thus completing a 
picture of relative cell volume changes in oxygenated and in 
reduced blood between pH, = 6.4 and pH, = 8.0 for a blood of 
determined (Hp). Absolute cell volume at any pH, value in this 
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range may be calculated by proportion, by taking as a basis the 


. Ve. , 
experimental datum on = in blood either oxygenated or reduced 
b 


and of known pH,. 
Cell volumes thus calculated have been compared with those 
calculated from Van Slyke’s equations modified by introduction 
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of experimentally determined values of (B),, (P)s, pH-, (H20)., and 
(H,O),. The agreement is excellent, indicating that the effects 





(¥:) 

d v. 

n */ of variations which occur in these five variables 
d (pH.,) 


" other than those due to hemoglobin concentration changes are 


not ordinarily of significance for our purposes. 








SOME BIOCHEMICAL RELATIONS OF PHENOLS. 


I, HYDROQUINONE. 


By RALPH C. HUSTON anp HOWARD D. LIGHTBODY. 


From the Kedzie Chemical Laboratory, Michigan State College, East 
Lansing.) 


(Received for publication, December 1, 1927.) 


Hydroquinone has been found to be widely distributed in the 
tissues of plants, many of which are included in animal foods. A 
study of the physiological effect of this phenol as a food constit- 
uent is the subject of this report. 


Many biochemists have explained the activation of oxygen in plants 
through the formation of peroxides. Thus Chodat (1) conceived activa- 
tion of oxygen to be accomplished by the action of a peroxidase on a perox- 
ide, either hydrogen peroxide or some organic peroxide. Onslow (2) found 
some oxidases, present in plant tissue, to be able to catalyze the oxidation 
of phenols which contain the catechol grouping, and further showed the 
presence of such phenols in some plants. She suggested, therefore, that 
oxidation may be accomplished by the oxidation of a phenol in the presence 
of an oxidase to a peroxide, and the decomposition of the peroxide by a 
peroxidase to reform the phenol and an active oxygen. 

It is perhaps worthy of note that some phenols, as hydroquinone, form 
an equilibrium mixture with the quinones in a water solution. An aqueous 
solution of quinone will respond to the usual test for peroxides and will 
blue guaiacum (unpublished work in this laboratory). In this connection 
the use of quinone in the oxidation of glucose in the absence of oxygen is 
interesting (Wieland (3)). 

Several new conceptions of peroxide formation in vital processes have 
been advanced recently. Kendall and Nord (4) found that action of the re- 
versible oxidation-reduction system of cystine-cysteine is dependent upon 
the formation of an oxygen addition product of cysteine. The formation 
of this addition product appears to be dependent upon the formation of 
hydrogen peroxide. Meyerhof (5) advances the hypothesis that the action 
of glutathione is made possible by the formation of an intermediate 
peroxide. 

Hess and Weinstock (6), Rosenheim and Webster (7), and Hottinger (8) all 
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advance the opinion that it is the unsaturated or double banded portion 
of the sterols which is responsible for their antirachitic activation by ultra- 
violet light. While none of these authors suggests definitely the formation 
of peroxides, we may say that the active portion of the molecule will at 
least permit of peroxide formation. 

In a later article Rosenheim and Webster (9) conclude that the activation 
of sterols by ultra-violet light is made possible by the presence of a highly 
unsaturated sterol of the nature of ergosterol. 

Yoder (10) examined the effect of irradiation on a number of vegetable, 
animal, and mineral oils, and proposed a theory to the effect that “the 
inherent capacity .... of a substance to peroxidize is a measure of its anti- 
rachitic potency.’’ 

Another conception of the relationship of phenols to biochemical oxida- 
tions, namely the ‘‘antioxygen’’ conception of Moureu and Dufraisse (11) 
would account for the regulation of velocity of such oxidations. Moureu 
and Dufraisse call attention to the relationship of rate of metabolism in 
plants and animals and their phenol content. They further relate the 
toxicity of phenols to their powers as antioxygens and attribute the anti- 
septic action to interference with the oxidative process of microorganisms. 
They also call attention to the antipyretic action of phenols. 

In this connection the fact that there is evidence that antirachitic 
substances are unsaturated or easily oxidized bodies, suggests the possi- 
bility of their preservation by means of hydroquinone. 

Jones (12) has shown that ‘‘salt ophthalmia’”’ is a vitamin deficiency 
ophthalmia produced by the destruction of the vitamin through catalytic 
oxidation by iron. 


Because of the present tendency to attribute the regulation of 
vital oxidations to certain compounds of phenolic or unsaturated 
character in which the ability to form peroxides is a common 
property, and because of the further tendency to relate the pre- 
vention of rickets to unsaturated compounds and the capacity of a 
substance to peroxidize, a study of the effect of phenolic bodies 
upon the rate of growth and the chemical character of bone is 
important. 

During the past 5 years a series of studies along this line has 
been carried out in our laboratories. This article describes three 
experiments selected from a series planned to determine the effect 
of hydroquinone upon the growth and bone of albino rats fed upon 
purified diets. These diets were of the rickets-producing type. 
The protective action of hydroquinone was compared with that of 
cod liver oil and of ultra-violet light. Varying combinations of 
these three were also studied. 
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EXPERIMENTAL. 


Experiment 1.—Thirty-six animals at 28 days of age were di- 
vided into six groups of six ratseach. These were so selected that 
litter mates were equally distributed around the groups. The 
basal diet, Diet I A, consisted of 20 per cent casein, 56.6 per cent 
dextrin, 14.0 per cent hydrogenated cottonseed oil, 3.9 per cent 
salt mixture (13) so modified as to contain 0.8 per cent ferric 


100 
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Average weight, gm. 





0 2 4 6 8 10 12 14 16 18 2 22 24 
Weeks. 


Cuart I, 


citrate, 1.5 per cent calcium carbonate, | per cent butter fat, and - 


3 per cent dried yeast. 
In the experimental diets this basal diet was so modified that 
some of the dextrin was replaced by an equal weight of hydro- 


quinone as follows: 


Diet No. per cent 
IB 0.01 
IC 0.025 
ID 0.05 
IE 0.1 
IF 0.5 
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Chart I gives the average growth curves of the six groups. 

Of the animals of the control group, No. I, all showed ophthal- 
mia in the 5th week. Three died in the 5th week, one in the 7th, 
and two in the 9th. 

All of the animals of Group I B showed ophthalmia and died 
before the end of the experimental period (25 weeks). The fol- 
lowing tabulation gives the week in which ophthalmia appeared 
and in which the animals died. 


Group I. Ophthalmia. Death. Group I. Ophthalmia. Death. 

Rat No. wk. wk. Rat No. wk. wk. 
B-1 9 15 B-4 5 6 
B-2 12 20 B-5 8 15 
B-3 17 20 B-6 7 15 


Four of the six animals of Group I C showed ophthalmia. Two 
of them lived throughout the experimental period of 25 weeks. 
The time of appearance of ophthalmia and death is shown as 
follows: 


Group I. Ophthalmia, Death. 
Rat No. wk. wk. 
C-1 7 8 
C-2 9 21 
C-3 None. 25 (Killed at end of period.) 
C-4 21 21 
C-5 None. 23 
C-6 21 25 (Killed at end of period.) 


All of the rats of Group I D lived throughout the experimental 
period. One showed definite ophthalmia in the 22nd week; 
another showed possible ophthalmia in the 25th week. All others 
were free from ophthalmia. 

All of Group I E lived the entire experimental period. There 
was no definite ophthalmia although one animal showed a slight 
swelling of the eyelids in the 25th week. 

None of the animals of Group I F showed ophthalmia or died 
during the experimental period. 

The weekly calcium balance was determined for all animals 
in Experiment 1. This was accomplished by weighing the weekly 
food intake by difference and determining the calcium in the ex- 
creta. In order to prevent as far as possible the scattering of food 
by the animals the food cups were placed in special metal con- 
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roups. ; p ; , 
nthal- tainers which were designed in such a way that most of the food 
e 7th which the animals raked from the cups fell into the bottoms of the 
? 
di TABLE I. 
ied | 
‘ Per cent : Per cent 
. Final : Final 
e fol- Final age. | wales. ¥ - Final age. | a - 4 | a 
eared —- 
Group IA, control. Group 18, om pres 
hydroquinone. 
a. wks. gm. wks. gm. 
} 10 55.0 | 47.06 19 77.0 | 48.11 
) 12 63.1 | 52.96 23 78.4 | 52.29 
) 11 51.8 | 51.45 24 59.4 | 54.03 
10 48.0 | 47.91 11 48.4 | 53.20 
Two 10 51.7 | 49.13 20 58.1 | 56.39 
peeks. 13 51.5 | 45.90 15 64.1 | 37.96 
nT as Average. 11 53.5 | 49.07 | Average. 18.6 64.2 | 50.33 
Group IC, 0.025 per cent Group ID, 0.05 per cent 
hydroquinone. hydroquinone. 
12 61.0 | 50.58 29* 146.0 | 55.45 
25 101.8 | 51.05 20° 140.0 | 53.07 
29* 97.4 | 51.05 29* 127.6 | 50.55 
10 47.6 | 49.11 29* 105.6 | 47.95 
28 70.6 | 51.05 29* 136.8 | 56.55 
29* 88.1 | 50.12 29* 100.8 | 53.88 
ntal Average .22.2 eee © Fe ee 126.1 | 52.91 
ek; Group IE, 0.1 per cent Group IF, 0.5 per cent 
hers hydroquinone. hydroquinone. 
29* 134.5 | 52.42 29* 120.0 | 52.63 
ere 29* 153.8 | 52.48 29* 113.2 | 51.63 
ght 29* 100.9 | 57.01 29* 104.2 | 46.75 
29* 98.5 | 52.08 29* 82.3 | 40.36 
lied 29* 137.5 | 56.6 29* 100.0 | 51.27 
29* 150.2 | 54.58 29* 95.8 | 51.74 
| 
vals ET ey REP | 129.2 | 54.18 | Average........... 102.6 | 49.06 
kly * Killed at end of experimental period. 
ex- 
od containers. The excreta were collected on ash-free filters and the 
on- calcium determined by the McCrudden method. 
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In comparing these calcium balances the control group was 
omitted because of the early death of the animals. In the other 
groups the first 4 weeks were omitted because of the absence of 
apparent effect during that time. Comparison of the values ob- 
tained after the 19th week were also omitted because of the death 
of the animals in Group I B. The average weekly calcium balance 
of each group during this 15 week period is as follows: 


Group No. IB IC ID IE IF 
0.030 0.055 0.057 0.081 0.030 


At best, determinations of this type are subject to considerable 
experimental error and vary greatly from week to week. We 
feel, however, that the results given are sufficiently definite to 
warrant the conclusions drawn, especially when this evidence is 
supported by growth curves and the analysis of bone. 

Table I gives the age at death, weight at death, and the ash 
content of a tibia. The bones were prepared for analysis and the 
ash determined according to the method described by Bethke, 
Steenbock, and Nelson (14). 

Experiment 2.—In this experiment 50 rats at 28 days of age 
were divided into five groups of ten each in such a way that differ- 
ent litters and sexes were equally distributed. 

The basal diet was the same as in Experiment 1. This was so 
modified in the experimental groups that dextrin was replaced by 
hydroquinone or cod liver oil, or both, as follows: 


Diet No. 


ILA 3 per cent cod liver oil. 

IIB i. Se. 

ITC 3 & “& “« « © 0.05 per cent hydroquinone. 
IID 0.05 “ “ hydroquinone. 

IIE aS * _ 


The casein and dextrin of Diets II B and II E were exposed 
to the rays of a quartz mercury lamp for a period of 30 minutes 
at a distance of 2 feet before the diets were made up. In all 
cases fresh diets were prepared at the beginning of 4 week periods. 
At the close of the 4th week of the experimental period four ani- 
mals from each group were killed and the bones prepared for 
analysis according to the method of Chick, Korenchevsky, and 
Roscoe (15). The growth curves given in Chart II therefore 
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represent the weekly average of ten animals the first 4 weeks and 
six animals in subsequent weeks. 

At the close of the experimental period of 20 weeks, two rep- 
resentative animals were selected from each group. The bones 
of these were prepared for analysis. 


Average weight, gm. 





. =” SD CU oC a oc 
Weeks. 


Cuart II. 


As a further check, four animals were placed on Diet I A (which 
contains neither hydroquinone nor cod liver oil) for a period of 
4 weeks, at the end of which time their bones were prepared 


for analysis. 
None of the animals in this experiment except the controls 
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TABLE II. 
. Organic Ca,d P,d Ash:resi- 
Rat No, | at, | ash. | Organic | Cody | Fide | tshirt 
Group IIA, 28 day experimental period. 
per cent per cent per cent per cent per cent 
824 20.42 44.39 35.13 16.77 7.10 1.235 
825 17.36 47.95 34.48 18.76 8.59 1.532 
826 23.26 40.78 37 .37 15.44 7.36 1.147 
827 29.40 42.63 39.22 16.11 7.85 1.091 
Average........ 22.610 | 43.937 | 36.55 16.77 7.725 1.201 
Group IIA, 140 day experimental period. 
829 27.02 43.51 29.46 14.37 6.27 1.476 
830 20.79 49.13 29.57 19.09 8.70 1.662 
Average........ 23.905 | 46.32 29.525 16.73 7.485 1.569 
Group IIB, 28 day experimental period. 
834 14.02 47.56 38.43 17.65 8.27 1.237 
835 17.09 45.58 36.73 17.64 8.12 1.228 
836 14.86 44.47 40.65 16.86 8.10 1.094 
837 15.14 43.10 41.32 16.73 7.87 1.039 
Average........ 15.277 | 45.177 | 39.28 17.22 8.09 1.174 
Group IIB, 140 day experimental period. 
839 22.69 46.83 30.45 17.93 8.30 1.538 
841 17.25 52.97 29.87 20.60 7.50 1.774 
Average........ 19.97 48.90 30.16 19.765 | 7.90 1.656 
Group IIC, 28 day experimental period. 
844 8.78 49.53 41.68 18.73 9.06 1.1885 
845 10.60 47.10 42.24 17.75 8.55 1.123 
846 12.48 46.43 41.14 17.68 8.45 1.125 
847 13.10 39. 86 43.11 15.09 7.23 0.9986 
Average........ 11.24 45.73 42.04 17.31 8.322 1. 1087 
Group IIC, 140 day experimental period. 
848 15.36 52.43 32.22 19.47 9.31 1.627 
852 18.38 50.51 31.11 19.38 8.94 1.622 
Average....... 17.385 | 51.47 31.665 | 19.425 | 9.125 1.624 
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TABLE 11—Concluded. 
sh :resi- : dial 
AR. Rat No. | Fat. | sh, | Qreanie | Cudy | Pua | aster 
Group II D, 28 day experimental period. 
per cent per cent per cent per cent per cent 
235 854 14.15 | 43.44 | 42.52 | 16.21 | 7.781 | 1.0179 
532 855 17.10 | 41.83 | 40.68 | 15.43 | 7.551 | 1.0356 
-147 856 20.20 | 42.44 | 41.56 | 16.29 | 7.662 | 1.2227 
-091 857 13.49 | 43.44 2.57 | 16.21 | 7.781 1.0179 
201 Average........ 16.235 | 42.883] 41.832] 16.035 | 7.693 | 1.0735 
Group IID, 140 day experimental period. 
476 861 21.72 | 46.44 | 32.95 | 17.16 | 7.50 1.377 
662 862 23.11 | 45.28 | 31.59 | 17.34 | 8.15 1.433 
569 Average....... 22.415 | 45.86 | 32.27 | 17.25 | 7.825 | 1.405 
Group IIE, 28 day experimental period. 
237 864 13.05 | 46.71 | 40.18 | 18.04 | 8.454 | 1.163 
228 865 20.00 | 43.69 | 36.40 | 16.62 | 7.870 | 1.198 
094 866 26.75 | 38.53 | 35.84 | 14.68 | 7.025 | 1.101 
039 867 29.95 | 45.39 | 35.02 | 17.29 | 8.23 1.296 
174 Average....... 22.437 | 43.58 | 36.86 | 16.639 | 7.894 | 1.1895 
Group ILE, 140 day experimenta! period. 
538 869 16.84 | 48.64 | 31.92 | 19.13 | 8.36 1.559 
74 870 17.19 | 52.37 | 30.44 | 19.89 | 9.18 1.761 
656 Average 17.015 | 50.505 | 31.18 | 19.51 | 877 | 1.660 
Control. 
1885 1010 24.18 | 39.71 | 41.07 | 12.78 | 8.014 | 0.9665 
123 1011 21.75 | 37.07 | 41.18 | 14.43 | 6.628 | 0.8981 
25 1012 29.73 | 34.62 | 35.63 | 12.16 | 5.543 | 0.9714 
1986 1013 20.43 | 39.98 | 39.58 | 15.77 | 7.119 | 1.010 
1087 Average....... | 23.997 | 37.595 | 39.365 | 13.762 | 6.826 | 0.9615 
27 showed ophthalmia nor did individual rats of any group deviate 
22 greatly from the growth curve given. In Table II the percent- 
7 ages are calculated on the dry weight of bone. 
—_ Experiment 3.—This was a preliminary experiment designed 
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to determine the effect of hydroquinone on the growth of animals 
fed on McCollum’s Diet 3408 (16). Ten rats, 28 days old, were 
divided into two groups of five each. The control group, No. 
III A, was fed McCollum’s Diet 3408 without alteration. The 
experimental group, No. III B, was fed the same diet modified by 
the replacement of 0.05 per cent of dextrin with an equal weight 
of hydroquinone. The growth curves are given in Chart III. 
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The week of appearance of ophthalmia and the death of each 
animal are as follows: 


Group ITI. Ophthalmia. Death. Group III. Ophthalmia. Death. 
Rat No. wk, wh. Rat No. wk, wk, 
A-l 6 7 B-1 None. 9 
A-2 5 7 B-2 ss 16 
A-3 6 8 B-3 ™ 13 
A-4 + 5 B-4 “ 20 
A-5 4 9 B-5 ais 18 


SUMMARY AND DISCUSSION. 


The growth curves of Experiment 1 show a progressively in- 
creasing beneficial effect as the concentration of hydroquinone is 
increased from 0.01 of 1 per cent to 0.1 of 1 per cent, while 0.5 of 
1 per cent causes a marked reduction in the rate of growth. It is 
possible that this indicates a toxic action when the optimum con- 
centration is exceeded. This experiment likewise shows a prog- 
ressive protection against ophthalmia, no definite cases being 
observed at a concentration of 0.025 of 1 per cent, or more. 

The average calcium balances show, as do the growth curves, 
a progressively increasing beneficial effect as the concentration of 
hydroquinone is increased up to 0.1 of 1 per cent. In comparing 
the ash content of the bones of the animals of Experiment 1 as 
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imals shown in Table I, the results from Groups I A and I B are omitted 
| Were because of early death. To make the average strictly comparable, 
» No. only those animals of Group I C, which lived the entire experimen- 

The tal period of 25 weeks, should be included in the average of this 
ed by group. This, however, gives an average only 0.33 of 1 per cent 
eight greater than the average obtained from al] of the animals of the 
III. group. Here again the values show a progressively increasing 


beneficial effect as the concentration of hydroquinone is increased 
from 0.025 of 1 per cent to 0.1 of 1 per cent. 

The growth curves of Experiment 2 show values for a combina- 
tion of cod liver oil and hydroquinone approximately the same 
| as for cod liver oil and light. In both of these cases the values are 
much superior to those shown by cod liver oil. The curves for 
hydroquinone and for hydroquinone and light are intermediate 
between those of cod liver oil and of cod liver oil and hydroquinone. 

A comparison of the average bone ash : organic residue ratios 
and percentages of ash, calcium, and phosphorus at 28 days in 
ach Table II shows that all of the experimental diets give values 
definitely higher than the control diet. On the other hand the 
fat content of the contro] animals is definitely higher than that 
of the animals on the experimental diets. 

In all cases the values for hydroquinone are intermediate be- 
tween the control animals and those on the other experimental 
diets. Those animals on Diet ITC (hydroquinone and cod liver 
oil) show greater values for ash, calcium, and phosphorus than 
the animals on Diet ITA (cod liver oil). 

Likewise comparison of analysis at the end of 140 days shows 


in- definite superiority in percentages of ash, calcium, and phos- 
is phorus in Group II C. 
of Comparison of the fat content of the 140 day animals shows 
is that of Group ITA to be definitely higher than that of Group IIC. 
yn- The growth curves of Experiment 3 show that animals fed 
\g- on McCollum’s Diet 3408 to which has been added 0.05 of 1 per 
ng cent of hydroquinone live much longer than control animals. 
We were not able to obtain evidence of growth in either case. 
8, The same experiment shows definite protection against ophthalmia 
of when rats are fed on this diet. 
1g Further studies of the dietary effect of phenolic bodies are being 
aS made in this laboratory. These studies include not only the 
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effect on growth, bone, and ophthalmia, but also studies of the 
protective action of phenols toward vitamins. 


These studies were made possible by a grant from the Agricul- 
tural Experiment Station of Michigan State College. 


CONCLUSION. 


The data submitted show a definite beneficial effect of hydro- 
quinone when used as a constituent of the diets described in this 
article. 
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THE EFFECT OF CARBON DIOXIDE EQUILIBRATION 
UPON THE SURFACE TENSION OF SERUM. 


By J. M. JOHLIN. 


(From the Department of Biochemistry, Vanderbilt University School of 
Medicine, Nashville.) 


(Received for publication, December 7, 1927.) 


It is well known that changes in the hydrogen ion concentration 
of solutions, which are similar in their nature to serum, greatly 
influence the surface tension. This change with pH has been 
found to be much greater on the acid side than on the alkaline 
side of the isoelectric point (1). Furthermore it is most marked 
near the isoelectric point and is very small on the alkaline side 
after a pH of about 7.0 has been reached. 

It is also known that the pH of serum is considerably varied by 
varying the CO, tension at which it is separated from the cells, 
that simultaneously there is a water and a salt shift between cells 
and serum, and that a change in pH with a change in CO, tension 
also takes place after the serum has been separated from the cells 
but is, in this case, not so great. 

The present investigation was carried on to note whether varia- 
tions in the CO, tension at the time when cells and serum are 
separated or variations in the CO, tension of the serum after this 
separation, would greatly affect the surface tension of the serum. 

Defibrinated sheep blood was equilibrated at various CO, ten- 
sions in the type of tonometer described by Austin et al. (2), and 
the serum was then rapidly separated from the cells by centrifu- 
gation. The addition of a layer of mineral oil during centrifu- 
gation was omitted so as to avoid the effect which traces of oil 
might have upon the surface tension. An excessive loss of CO, 
was prevented in the separation of cells and serum by nearly filling 
the centrifuge tubes and then inserting a one-hole rubber stopper 
which was finally closed by a plug made of a glass rod. After this 
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560 Surface Tension of Serum 
separation the serum was again equilibrated at various CO» ten- 
sions, whereupon surface tension measurements were made while 
the serum was continuously under a definite tension of CO. which 
was subsequently determined by analysis with a Haldane-Hen- 
derson apparatus. 

The capillary rise method was the only method found to be 
adaptable for measuring the surface tension under the conditions 
of these experiments (3), and it was necessary to devise an appara- 
tus which could be used without allowing the CO, tension to 
change. The apparatus which was used was of Pyrex glass and is 
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illustrated in Fig. 1. It had a capacity of about 300 cc. The 
bulb, 6, had a diameter of 25 mm. The capillary tube, a, had a 
diameter of 0.3921 mm. and varied less than 1 part in 2000 in 
different parts of the tube. The stop-cocks of the apparatus 
were not lubricated by any material other than the serum which 
it contained. 

The apparatus was evacuated and 40 to 50 ce. of serum and the 
desired amount of CO, were admitted. By rocking the apparatus 
clockwise through an angle of 180° and back again, the serum 
and gas circulated from the container, h, through the stop-cock, ¢, 
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the bulb, 6, the stop-cock, d, and the tube, k. While this pro- 
cedure continued for a period of 30 to 45 minutes, the pressure 
of the apparatus was maintained at that of the outside atmosphere 
by occasionally opening one of the outer stop-cocks of the appara- 
tus. The temperature of the experiment was controlled by means 
of an air thermostat and varied by a small fraction of a degree 
(+0.05°). 

The serum, once in equilibrium with the CO, above it, was 
then brought to a desired level in the bulb, 6, in such a manner 
that the serum in this bulb and that in the capillary tube, a, were 
entirely free of even the minutest gas bubbles. This could readily 
be done by the proper manipulation of the stop-cocks, ¢ and d. 
With Stop-Cock c closed and Stop-Cock d open (and its bore free 
from any transverse film of liquid) the apparatus was now at- 
tached to a hinged support so that by tilting this support sideways 
the serum could be made to move up and down in the capillary 
tube for the purpose of forming a new interface when this was 
desired. As the whole apparatus was kept in a fixed position 
it was thus possible to determine the constancy of initial readings. 
Readings were made by means of a traveling microscope set up- 
right to be used as a cathetometer. Initial readings were made 
10 seconds after the formation of an interface and were repeated 
after frequent displacements of the serum in the capillary tube. 
Successive readings as the surface tension changed with time 
were then noted for a period of 30 minutes. A stop-watch was 
used to note the length of the time intervals. 

All measurements were made with undiluted serum. Varia- 
tions in the CO, tension of either the whole blood or of the sepa- 
rated serum were not found to produce any considerable effect 
upon the surface tension of the serum. Equilibrations of whole 
blood were made with different parts of the same sample of blood 
at CO» tensions of (1) 12.7 mm., (2) 20.2 mm., and (3) 33.1 mm. of 
mercury, and the serum separated as described. Before meas- 
uring the surface tension of the separated serum obtained of these 
samples they were again equilibrated at the following CO, ten- 
sions: Sample 1 at 89.6 mm., Sample 2 at 96.2 mm. and 59.1 mm., 
and Sample 3 at 93.9 mm. 

The variations in CO, tension, as shown by Figs. 2 and 3, had 
little effect upon surface tension values obtained relative to equal 
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periods of time which had elapsed after the formation of an inter- 
face. The change of surface tension with time was in all cases 
more irregular than was found when protein solutions were used, 
and did not take place according to the equation which has been 
used to indicate the nature of this change with time. Dilution 
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Fic. 2. Graphically illustrating data obtained in three consecutive de- 
terminations in measuring the surface tension of a sample of serum which 
had been separated at a CO, tension of 12.7 mm. and reequilibrated at a 
CO: tension of 89.6 mm. All three series were made under the same 
conditions. 


with 100 parts of an isotonic salt solution, however, caused the 
change with time to. proceed more regularly. This irregularity 
in the change of surface tension with time is of course due to a 
variation in the rate of change of surface tension with time. It 
was not found possible exactly to reproduce the initial readings 
in the case of any one sample of serum equilibrated at a definite 
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Fie. 3. Graphically illustrating data obtained in measuring the surface 
tension of serum which had been separated at various CO, tensions and 


A subsequently reequilibrated at the CO; tensions given below. 
wey CO: tension during CO: tension during 
at a Series separation. reequilibration. 
same No. mm. mm, 
2 12.7 89.6 
4 20.2 59.1 
the 5 20.2 96.2 
rity 6 33.1 93.9 
tO & : ae — 
It time period in the case of repeated series of determinations made 
ings with the same solution (unpublished data). Then, too, however, 
nite it was noted that there was a general tendency in the case of the 


same solution to give more nearly comparable results after the 15 
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or 20 minute period had been found. In the present investigation 
there was a tendency for readings to become nearly equal for the 
same time period after 15 minutes had elapsed, not only when 
successive series of readings were made with the same sample of 
serum which had been separated at a definite CO, tension and 
again equilibrated at a definite tension of CO., but also whenever 
these readings were obtained with the serum equilibrated at vari- 
ous tensions of COs. 

As there was but little difference to be observed either in the 
surface tension values of serums equilibrated at different CO, 
tensions or in the nature of the change of surface tension with time, 
the only conclusion that can be drawn is that the loss of moderate 
amounts of CO, from whole blood before the separation of cells and 
serum does not have a marked effect upon the surface tension of 
the serum, and that a considerable variation of the CO, content 
of the separated serum does not greatly affect this property either. 
It is therefore logical to assume that the surface tension changes 
that follow the change in CO, tension, either when CO, is taken 
up by the blood from the tissues or when CO, is again removed 
from the blood in thelungs, are not sufficiently large to make 
possible a discrimination by means of the present technique. 


SUMMARY. 


1. An apparatus has been devised for equilibrating a liquid at 
a definite gas tension and for subsequently measuring its surface 
tension without disturbing this condition of equilibrium. 

2. The surface tension of serum was measured after it had been 
equilibrated at various CO, tensions before the separation of cells 
and serum, and after it had been reequilibrated at various CO, 
tensions. It was found that a considerable variation in the CO; 
tension does not greatly affect the surface tension of the serum. 
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ON THE DETERMINATION OF THE pH OF THE BLOOD. 


I, THE ACCURACY OF THE QUINHYDRONE ELECTRODE FOR 
DETERMINING THE pH OF BLOOD PLASMA OR SERUM. 


By GLENN E. CULLEN anp IMOGENE P. EARLE. 


(From the Department of Biochemistry, Vanderbilt University School of 
Medicine, Nashville.) 


(Received for publication, December 6, 1927.) 


INTRODUCTION. 


The method of measuring hydrogen ion concentration with the 
quinhydrone electrode, introduced largely through the work of 
Biilmann and his colleagues (1), has become of great value for a 
variety of purposes. Its simplicity and especially its economy 
of material makeit of especial value for biological and clinical 
work whenever it is possible to use it. 

Unfortunately, certain conditions which operate against its 
accuracy are inherent in many body fluids. The conditions which 
interfere most in studies of body fluid are the slight alkalinity, the 
presence of proteins, and the oxidation-reduction systems. The 
influence of these conditions upon the biological application of the 
quinhydrone electrode has been studied by several workers. 
La Mer and Parsons (2) determined that it was accurate in buffer 
mixtures more acid than pH 8. Sgrensen, Sgrensen, and Linder- 
strém-Lang (3) determined both the reason for, and the quantita- 
tive relations of the salt error. Fortunately this error is usually 
negligible in body fluids. Kolthoff (4) has shown that quinhy- 
drone electrode potentials are unstable in buffer-poor solutions 
with alkaline reactions, and his experience is in agreement with 
other workers. He also showed that protein introduced a large 
error. The protein error has been studied more systematically by 
Linderstrém-Lang (5) who has found that it is related to the 
nature of the protein and to the pH itself. 

The reports of different workers with blood are at present in 
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such direct contradiction to each other that the one conclusion 
that can be drawn is: blood offers such fruitful possibilities of error 
that more variations in technique and control are being introduced 
than is evident from the reports. Thus, Corran and Lewis (6) 
report for whole blood reproducible values within the probable 
range of pH values. They did not compare their findings with 
the hydrogen electrode. Mislowitzer (7, 8) reported satisfactory 
agreement between the hydrogen electrode and the quinhydrone 
electrode determinations on slightly diluted whole blood. Meeker 
and Oser (9) also found such an agreement. Cullen and. Biil- 
mann (10), on the other hand, could not get consistent results 
with whole blood with the quinhydrone electrode. Mozolowski 
(11) agreed with their theoretical explanation. Vellinger and 
Roche (12) also find this electrode unsuitable for whole blood. 
Runge and Schmidt (13) report on 60 bloods in half of which they 
get agreement on duplicate or repeated determinations to within 
0.05 pH. With the other half they were unable to use the results 
because of the large discrepancy between duplicate or repeated 
determinations. 

However, the situation in regard to the adaptability of the quin- 
hydrone electrode to serum or plasma is entirely different. Cullen 
and Biilmann (10) developed a technique for working with un- 
diluted serum which was based upon the immediate measurement 
of the potential developed. Other workers agree that serum or 
plasma can be so measured. Mislowitzer (8) reports results with 
serum or plasma diluted 1:4. He suggests that dilution may be 
necessary to overcome the protein error. Vellinger and Roche 
(12) report reproducible results with serum and attempt to de- 
termine the protein error by experiments on isoelectric gelatin. 

One may conclude therefore that the use of the quinhydrone 
electrode with whole blood is to be questioned until the influence 
of the various disturbing factors has been more clearly established, 
but that the electrode will, with the proper technique, give repro- 
ducible results with serum or plasma. The present paper presents 
data on the errors involved, and corrections necessary, in the use 
of this electrode with serum and plasma. 

It must be emphasized that all work on the accuracy of the quin- 
hydrone electrode must be based, not alone on the reproducibil- 
ity of results obtained with the quinhydrone electrode, but on ac- 
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curate control determinations of the pH by means of the hydrogen 
electrode. 

Our interest in determining the applicability of the quinhydrone 
electrode to blood serum is based not only on its possible useful- 
ness in acid-base balance work in general, but on the expectation 
of utilizing it in (a) the study of the reason for occasional inaccuracy 
of the colorimetric method, and (6) in the direct measurement of 
the temperature coefficient of the pH of blood. 

Because of this hope, and also because of Linderstrém-Lang’s 
finding that the protein error was influenced by both the kind of 
protein and the pH, the most logical and promising point of attack 
seemed to be to determine the constancy of the difference, if any, 
between the quinhydrone and hydrogen electrode values for un- 
diluted normal serum or plasma. The results obtained show that 
there is such a difference and that it is remarkably constant. 


EXPERIMENTAL. 


Quinhydrone Electrodes—The micro form of Cullen and Biil- 
mann was used in two modifications: (1) with gold-plated plati- 
num as previously described by them, and (2) with solid gold. 
Inasmuch as we were not able to fuse a thin gold wire, 0.75 mm. 
in diameter, into the glass tubing used to carry the electrode, the 
gold wire was first fused to a platinum wire and this in turn was 
sealed into the glass tubing with the gold-platinum junction just 
below the glass. This junction was covered with the De Kho- 
tinsky cement used in eliminating the effect due to CQO, loss. 
Great difficulty was encountered at first with solid gold electrodes 
as they not only did not give as constant readings as did the gold- 
plated ones, but the average of these varying readings was 1 or 
2 millivolts different from the constant reading of the gold-plated 
ones. Eventually, it was found that these unsatisfactory elec- 
trodes were of only 18 carat gold instead of the highest purity of 
gold. When the highest purity, 24 carat gold wire of the American 
Platinum Company was used, identical results were obtained as 
with the best gold-plated ones. The solid gold ones are much more 
convenient and apparently safer since they are not subject to er- 
rors due to poor plating and to scratched and broken plating. 
No experiments were made with unplated platinum, but it is 
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certain that, with the platinum used here, when the gold plating 
had been cut through, the electrode gave unreliable results. Since 
some workers appear able to use bare platinum while others are 
not, it may well be that impurities in the platinum are the cause 
of the difficulties just as in the case of the gold electrodes. 

In cleaning the electrodes, the cement covering the gold-plati- 
num-glass junction was removed with ether and the electrodes 
soaked in cleaning mixture (made of highest purity acid and 
K:Cr207) for several hours and in distilled water overnight. The 
De Khotinsky cement is most easily applied with the aid of a 
small (radio) electric soldering iron. 

Two lots of quinhydrone were used with identical results. One 
lot was the same as that used by Cullen and Biilmann. The other 
was obtained from the Eastman Kodak Company. 

CO, Analysis —The pCO. was determined with a Haldane- 
Henderson gas analysis apparatus. 

Hydrogen Electrodes.—The hydrogen electrode vessels were the 
13 to 2 ec. Clark-Cullen electrodes (14) with thermometer. The 
whole set-up was in a constant temperature room + 1°. The 
saturated calomel electrodes also contained thermometers. The 
platinum electrodes were controlled with the same precaution 
previously reported (Cullen (15)). 

Two refinements were introduced. First, the arm leading to 
the saturated KCl bridge was filled with KCl-agar (3 per cent in 
saturated KCl) to prevent any diffusion into the cell after the first 
reading. All readings were made with open stop-cocks. Second, 
all mercury as connecting medium to the lead-off wire to the po- 
tentiometer was eliminated. The experience in this laboratory 
has been that this Hg is a constant source of danger to the elec- 
trodes through contamination of the electrodes, of the plating 
solutions, and of the cleaning mixture. In our present practice, 
a copper wire is fused to the platinum connecting wire before fus- 
ing the platinum wire into the glass. This is an old trick, easily 
done in the blast lamp, but the majority of platinum electrodes 
are still shown with Hg connections. 

Standard Solutions.—All standard solutions including the m/15 
phosphates (Sdrensen’s) and the standard reference acid solution 
were made with water redistilled from KMnQO, and Ca(OH). 
For this work it is necessary to remove any traces of Cle which are 
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present in distilled water, due to occasional overchlorination of 
the city water. Our final standard is 0.01 N HCl + 0.09 n KCl, 
made from constant boiling acid and used with the value pH 
2.05 (16). The phosphate standards were standardized against 
this in the hydrogen electrode. 

Calculation.—The principle reported before (15, 10) was utilized 
in calculating the pH values for both electrode systems. That is, 
the electrode system is set up with a M/15 PO, solution of known 
pH, approximately that of the serum to be used later. 

From this known pH and from the total potential of the chain, 
the term e¢ is calculated. e includes the summation of potentials 
of the reference electrode, liquid junctions, etc. The actual value 
of the reference electrode is immaterial so long as it is constant. 
Any idiosyncrasy of an individual electrode is automatically cor- 
rected. The importance of determining e with a solution of pH 
approximately that of the unknown has been overlooked. One 
gain is the elimination of the error due to acid absorbed by the 
platinum black. 

The formule used were: 


E.M.F. — €y 


2 ° 
(1) Hydrogen electrode, pH = DEBI at 20 
(2) Quinhyd iecteede, pit @ TS. 
uinhydrone elec 1m: 


where ey, and ég are the E.M.F. values obtained by calculation, 
the experimental e.M.F. and known pH value of the standard 
solutions being used. At 20° with our saturated calomel elec- 
trodes the eg, was constant at 0.2478 volts and the eg, for solid 
gold, at 0.4540. 

The sign of ég in (2) is arbitrarily based on the fact that in our 


practice the two chains 
Hg | HgCl | Saturated KCi | Solution | He 
Hg | HgCl | Saturated KCI | Solution + quinhydrone | Au 


are set up with the same reference calomel electrode and are meas- 
ured with the same potentiometer and galvanometer. Below pH 
about 7.8 the Hg pole changes its sign when switched from one to 
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the other half-electrode. If the quinhydrone electrode were al- 
ways negative, it would be unnecessary in practice to pay any 
attention to the change in sign, but with the saturated KCl refer- 
ence cell one must record the sign since it changes at about pH 
7.8. If this convention is used, increase in the numerical value of 
the quinhydrone system means decreased acidity. Thus, in Table 
III and in Fig. 1 the drift is toward an increased hydrogen ion 
concentration, 7.e. lowered pH. 

All values with hydrogen electrode are corrected for vapor 
pressure (automatically included in the ey,), for barometric pres- 
sure, and for pCO, to 1 atmosphere of dry hydrogen. This was 
usually 0.8 to 1.2 millivolts.? 

The formule are in terms of volts, as is usual, but for ease in 
comparing the E.M.F. values in the tables they are given in milli- 
volts. 

Preparation of Serum and Technique of Electrode 
Determination. 


Sera from both human and dog blood were used in these experi- 
ments. The human blood samples, usually 20 to 40 cc., were 
obtained from arm veins, the same technique previously reported 
for obtaining blood for pH studies being used. The dog blood was 
obtained by heart puncture and was usually arterial blood. 

With human blood the samples were all centrifuged at once, 
without transfer or defibrination, under solid paraffin for 30 to 45 
minutes. The dog blood, taken in larger tubes, 50 cc. to 75 ce. 
samples, was defibrinated by Gram’s (18) stirring method and then 
centrifuged under solid paraffin. In either case the serum was not 
used if at all hemolyzed. 

The equilibration of the serum with CO, was carried out with 
the same tonometers and manifold previously described (Austin 
et al. (19)) and with the sampling technique of Cullen, Keeler, 
and Robinson (16). 

This equilibration and electrode technique described in detail 
below insure (1) that the serum contains practically no dissolved 
O2, and (2) that the equilibration and analysis are both made with 


1 Mislowitzer’s (8) criticism of Cullen and Biilmann’s correction (which 
was the same as used here and which is the accepted standard (Clark (17)) 
is in error. He mistook the quinhydrone electrode reading for the correc- 
tion value. 
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the same CO.-H: mixture. This is a change from the procedure 
in the previous work reported by one of us, where the CO»-H, 
mixtures for the hydrogen electrode were made separately from 
those used in the equilibrations. The present method eliminates 
any possibility of error involved in this extra step and has all of 
the advantages of Warburg’s (20) modification of Hasselbalch’s 
(21) original method, while retaining the use of the more convenient 
Clark cell. 

The 200 cc. tonometer was alternately evacuated and filled with 
hydrogen at least five times, the process ending with a partial 
vacuum. CO, was then run in to approximately the desired CO, 
tension and was measured on a manometer (Van Slyke, Wu, and 
McLean (22)). The serum was drawn up to the 2-way stop-cock, 
the cock turned, and the serum drawn into the tonometer by the 
vacuum. No air was admitted. Hydrogen was then run in to 
about 40 mm. excess pressure. This was to insure no admission of 
air into the tonometer during adjustment of pressure in the bath. 
The room temperature in summer here runs about 30°. The tonom- 
eter was placed in a water bath at 20° and rotated for about 5 
minutes, then brought to the surface, and the pressure allowed to 
equalize to that of the atmosphere. The rotation was then con- 
tinued for 3 to 1 hour. 

Without removal of the tonometer from the bath the serum was 
transferred to a Pyrex sampling tube containing mercury. This 
sampling tube was at once placed in the constant temperature 
room. 

The 200 cc. tonometer was removed from the bath, a 25 to 30 
ec. gas sample removed for analysis, and the tonometer trans- 
ferred at once to the 20° constant temperature room where it was 
connected by its single stop-cock to a 800 cc. tonometer con- 
taining about 300 cc. of distilled water which had been equilibrated 
at 20° at approximately the same tension of COz. The tonometer 
was placed in an upright position and connected in series with 
two Clark-Cullen electrode vessels. The connecting tubes and 
electrodes were thoroughly rinsed with Hz and the stop-cocks 
were then so turned that the distilled water displaced about 150 ce. 
of the CO.-H2 mixture through the electrode vessels. The water 
flowed in quietly. 

Water was used here instead of mercury for displacing the gas 
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mixture because of its convenience and because it was felt that 
there was less danger of contaminating the electrodes with mer- 
cury. However, this danger remains, due to the droplets of 
mercury in the double stop-cock left there during the serum 
transfer. Mercury is theoretically to be preferred to water. 

A 5 ce. pipette containing paraffin oil was then inserted into the 
rubber connection of the sampling tube from which a few drops 
of serum were always wasted just prior to this insertion, and 
serum forced (not sucked) (16) up into the pipette by manipula- 
tion of the leveling bulb. This pipette was then transferred to the 
Clark-Cullen cell and the serum allowed to displace about three- 
fourths of the CO.-H: mixture present in the cell. 

After 15 minutes shaking the E.M.F. readings were made and 
fresh portions of serum run in under the same CO2-He (Hasselbalch 
principle). The second reading after the second shaking was 
usually about 0.5 millivolt higher than the first. The results 
reported are these second readings. 

By use of a pipette and the same technique given above, about 
2 cc. of serum were transferred to a small Pyrex tube containing 
paraffin oil. The gold wire of the quinhydrone electrode was wet 
in redistilled water, rolled in quinhydrone, and inserted into a 
capillary electrode vessel until the end of the wire was about 1 cm. 
from the tip of the capillary tube. These electrode vessels were 
always dried previously, after thoroughly cleaning, by rinsing with 
acid-free alcohol and ether followed by suction. The complete 
electrode was then plunged through the oil to the very bottom of 
the tube and serum drawn up into the vessel by withdrawal of the 
plunger carrying the wire until the serum was over the lower end 
of the cement. A stop-watch was started simultaneously and the 
electrode suspended in the KCl bridge vessel. The readings were 
made at exactly 30, 60, and 90 seconds. At least two different 
gold electrodes were used for each serum. 

Several precautions are necessary. (1) This small amount of 
serum must not stand too long (8 to 10 minutes) before being used 
or CO, is lost in the oil. Further, the last 0.5 cc. must not be 
used for the same reason. This is shown clearly in the successive 
readings on a 0.5 cc. sample of serum which is given below under 
the discussion of COz loss. (2) The level of the serum should be 
slightly above that of the KCl. Otherwise KCl is forced into the 
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that tube and diffusion occurs. (3) The rubber sleeve holding the 
ee electrode tube in its place must be gas-tight to hold the serum 
ts of firmly in place. 
erum 
a Results. 
o the Accuracy in Buffered CO2-Containing Solution —The accuracy 
lrops of this entire procedure when employed on a buffered solution 
and containing CQ, is shown by the results (Table I) obtained in 
oula- 0.015 m NaHCO; in m/30 PO, at 25 mm. pCOs. 
0 the The results show that in the absence of protein the methods are 
nree- in absolute agreement. Similar experiments with NaHCO; 
‘ solution without PO, are not so satisfactory for, as La Mer and 
an 
alch TABLE I. 
was pH Determination by Quinhydrone and Hydrogen Electrodes. Solution of 
sults 0.015 M NaHCO; in M/30 PO, Equilibrated with CO.-H:z Mizture. 
Hydrogen electrode. Quinhydrone electrode. 
bout s : 
ning el. 3 . E.M.F. millivolts. - 
wet z/ 3 E a1 3 an 
to a EL & | « BEteerse a 
cm. 2 5 = je] $ g Z z Z = 5 = 
Al «ea ca] a < - % S a a < a 
vere aon 
vith *C. | Tolte *C. 
lete 1 | 20.3) 677.4) 7.385] - 2..| 20.4|—24.1|—24.2|—24.2| 7.385 
n of 2 677.4) 7.385 —24.0|—24.2)-—24.2| 7.385/7.385) 0.00 
the 3 —24.2 —24.2)—24.2 7.385 
end 
the Parson and Kolthoff have shown, the quinhydrone electrode is 
vere unreliable in poorly buffered solution at this pH. 
ent Drift in the Potential in Serum.—All investigators working with 
the quinhydrone electrode in serum have recognized the fact that 
; of the potential is unstable and that a drift begins within a few 
sed seconds or minutes after the mixing of the quinhydrone with the 
be serum. Cullen and Biilmann, with the technique and serum used 
ive in their work, obtained constancy for about 2 to 3 minutes. The 
der results reported here show that this is true only under special 
be conditions. Liu (23) has recently studied the various factors 
the involved in this drift in salt solutions, buffer mixtures, serum, 
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whole blood, hemoglobin solution, etc. His results are in agree- 
ment with general experience for buffered mixture, 7.e. no drift 
below pH 8, but immediate and continuing drift in serum. He 
shows that dilution always increases the drift and thinks that it is 
due to a change in pH itself, and that the initial potential is the 
potential representing the actual pH. He does not compare his 
blood and serum values with the hydrogen electrode. He also 
points out the error which may be introduced by the slow solu- 
bility of the quinhydrone. Mislowitzer studied serum and plasma 
diluted 1:4, and showed that the e.m.r. fell regularly. His 
drifts were towards a decreased pH. He obtained reproducible 
results and states that one can either extrapolate to zero time 
(as Corran and Lewis did for blood) or can use the 15 second 
value. With the 15 second value, his quinhydrone and hydrogen 


TABLE II. 
Effect Due to Loss of COs. 


| Extra polation 








“ae 30 sec. 60 sec. 90 sec. ee 
millivolts millivolts millivolts millivolts 

1 13.0 14.1 15.2 11.9 

2 12.5 13.5 14.8 11.5 

3 12.0 12.9 14.3 11.1 

4 11.2 12.0 13.2 10.2 

5 11.0 11.9 13.2 10.2 














electrode values checked within 0 to 3 millivolts, equivalent to 
0.00 to 0.05 pH, with the value obtained with the quinhydrone 
electrode the higher, i.e. more alkaline. 

Vellinger and Roche also extrapolated to zero time. The 
experience of these authors, together with the results given in the 
present paper, shows that extrapolation to zero time is necessary 
in measuring the pH of serum with the quinhydrone electrode. 
Typical examples of this drift are shown in Fig. 1 representing 
the maximum and minimum drift encountered with human 
sera. Undoubtedly, increase in pH tends to increase the drift. 
Other results, not given here, with sera at about 6.5 show no 
drift. However, sufficient data are not yet available for fuller 
discussion of this factor. 

Fig. 1 also illustrates the accuracy of repeated measurement. 
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It is rare for the zero values of the multiple curves of one sample 
to vary over a range greater than 0.01 pH. 


Influence of Saturation with Hz on the Drift—The agreement of 
the zero points and the slopes of the curves are practically the same 


Millivelts 
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in unequilibrated serum as in equilibrated. The following paper 
(24) reports on a series of sera which were not equilibrated. The 
curves constructed for these sera are similar to those given in 
Fig. 1. 

Loss of CO. from Sample.—As stated above in discussing the 
details of the measurement with the quinhydrone electrode, when 
too little serum is present in the small test-tube from which the 
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serum is drawn into the electrode vessel and the ratio of surface 
to volume is high, the loss to the oil may be relatively great. 
This is shown well in Table II which gives five successive readings 
made at 2.5 minute intervals on about 0.5 cc. of serum contained 
in a test-tube 11.5 mm. in diameter. 

Incidentally this steady decrease in E.M.F. which would occur 
in a system where CO, loss is not prevented might mask the serum 
drift which results in an increase in E.M.F. 


DISCUSSION. 


Relation between Quinhydrone and Hydrogen Electrode.—The 
values obtained in equilibrated sera are given in Table III. Data 
for patient N, convalescing from scabies, are included in the 
normal human sera. In addition to these determinations on 
normal human sera the data for two abnormal human sera are 
included. Refractometric protein determinations were made on 
several of the sera which gave normal values. 

Normal Sera.—The number of sera equilibrated is not great but 
the agreement for the series is so clean cut that it seems logical to 
conclude that in normal human serum, at normal pH, the quin- 
hydrone electrode at 20° gives results reproducible to within 0.01 
pH, which are constantly more acid by 0.06 pH than the actual 
pH as determined by the hydrogen electrode at 20°, 7.e. at 20° 

pH. ™ pH, + 0.06 

The correction factor for dog serum is somewhat higher, 0.09. 
We have many determinations showing the drift and _ repro- 
ducibility of dog serum but only two carefully equilibrated sera 
which give 0.09 and 0.088. The drift and reproducibility with 
unequilibrated sera are apparently the same as for human serum 
but in view of the discrepancies of the colorimetric method which 
occur with dog serum, it is advisable to accumulate much more 
data before accepting the correction 0.09 for the quinhydrone 
method as more than tentative. 

Sodium Fluoride.—NaF added either to the blood or to the 
serum does not affect the results. 

Pathological Sera.—For the two cases which we report now, 
the correction is much less. This perhaps explains the agreement 
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face which Cullen and Biilmann found in Copenhagen since they were 

reat. using sera from hospital patients. 

dings It is to be noted that Mislowitzer’s diluted sera give differences 

uined from 0 to 0.05 with the quinhydrone value more alkaline. He 
does not give the origin of his blood but if we may assume it to be 

occur from patients, the difference between his results and ours with 

rum pathological sera is not great. On the other hand, Mislowitzer 


found that with both serum and blood the quinhydrone electrode 
is more alkaline than the hydrogen electrode. This is contrary 
to the experience of other workers with protein solutions as well 
as to ours. 


oa The value of 0.09 for dog serum is not far from the correction 
“the value which may be calculated from Vellinger and Roche’s paper 
. ian by averaging the four values for the one dog plasma, 
, are PH y, — pHg = 0.11 pH 
e on 
Incidentally, Vellinger and Roche used the Hasselbalch type of 
, but electrode for their hydrogen electrode. 
il to Our difference of 0.06 is, however, much less than the difference 
juin- which Kolthoff found for blood serum diluted with NaCl at the 
0.01 same pH, but it is in agreement with his average value of 0.06 
tual + 3 for serum diluted with phosphate buffer mixture. The close 
20° agreement of this correction value, Q, (using Linderstrgm-Lang’s 
notation) obtained on undiluted serum at pH 7.20 to 7.4 with 
Linderstrém-Lang’s value for serum albumin at 4.7, on the one 
).09. hand, and Kolthoff’s value for diluted plasma, on the other hand, 
pro- is surprising in view of Linderstrgm-Lang’s finding that both pH 
sera and type of protein influence it. It probably indicates that the 
vith value 0.06 is the resultant of a number of factors. It also supports 
= the logic of determining the correction value, for use in blood serum 
hich studies, on the undiluted serum as drawn. 
10re 
oe Application of Results to Clinical Studies. 
Until further data have been accumulated as to the influence of 
the various pathological conditions on the correction factor of + 0.06 
for normal serum, the interpretation of determinations on the 
ow, serum of patients may be subject to an error up to 0.06 pH. One 
ent may argue that the correction for any given serum will lie between 
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0 and 0.06, and therefore be reasonably certain that the corrected 
value represents the actual pH at 20° to within + 0.03. This 
neglects the possibility that some abnormal sera may require a 
negative correction. 

Another possibility that is being studied is that of making 
paralle] quinhydrone and colorimetric determinations. The rela- 
tive constancy of these two determinations is discussed in the 
accompanying report (24). 


SUMMARY. 


Parallel determinations of hydrogen ion concentration at 20° 
have been made by the hydrogen electrode and by the quinhydrone 
electrode on normal sera and on a few abnormal sera. 

In normal human sera the quinhydrone method gives accurately 
reproducible values that are constantly 0.06 pH more acid than 
the values given by the hydrogen electrode. 

The method used is given in detail. 
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ON THE DETERMINATION OF THE pH OF THE BLOOD. 


II, A COMPARISON OF THE COLORIMETRIC METHOD WITH THE 
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In the determination of the pH of the blood colorimetrically by 
Cullen’s technique (1) interest has centered mainly about the pH 
of the blood at body temperature, and consequently about the 
empirical total correction factor which corrects the reading on 
diluted plasma or serum at the temperature of the determination 
to the actual pH of the undiluted blood at body temperature. 
This factor has been proved to be constant for normal human 
serum or plasma. The relationship between the colorimetric 
reading on diluted serum at room temperature and the value ob- 
tained with the hydrogen electrode at the same temperature has 
not been studied so carefully and the results have not been so 
satisfactory. Cullen, Keeler, and Robinson (2) for a few deter- 
minations obtained differences varying from 0.01 to 0.10 pH. 
This variation is discussed below. 

In studying the relationship between the pH values obtained at 
20° in sera, by the hydrogen and quinhydrone electrodes, which is 
reported in the preceding paper (3), parallel determinations were 
made with the colorimetric method. These results are presented 
and discussed below. 

In addition to this comparison of results obtained by the three 
methods on sera equilibrated with gas of known CO.-H: content, 
parallel determinations by the colorimetric and quinhydrone 
methods were made on a larger series of unequilibrated sera. 
These results are also presented and discussed below. 

Technique-—The technique for equilibration and for the hydro- 
gen and quinhydrone electrode measurements has been described 
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in the preceding paper of this series. The colorimetric deter- 
minations were made with the technique previously described (1). 
Certain refinements, however, were used. All water for the 0.9 
per cent NaCl solution as well as for the standard phosphates was 
redistilled from KMnO, and Ca(OH):. This is necessary in this 
locality to eliminate all trace of chlorine that may be carried over 
from the city water. The 0.9 per cent NaCl solution after addi- 
tion of the phenol red was aerated with air, which had been washed 
successively through saturated alkali and water, until the pH of 
the NaCl solution was approximately that of the diluted serum. 

When the temperature of the diluted serum varied more than 
0.5° from that of the electrometric determination, the colori- 
metric reading was corrected to the temperature of the electro- 
metric determination by the coefficient — 0.01 pH per 1°. This is 
shown in the tables. 

All readings were made in a room where the temperature was 
controlled within about + 1.0°. The Palo daylight lamp was 
used for all readings. 

The notation of Austin, Stadie, and Robinson (4) for differen- 
tiating colorimetric [pH] reading from electrometric pH, is used, 
where [pH] indicated the colorimetric reading on diluted serum. 
Coo-29 indicates [pH]xo-pHe. @ is the term introduced by 
Linderstrgm-Lang (5) for the error of the quinhydrone method 


pHy, = pHy =Q 


where pHy, is used to indicate the value obtained by the hydrogen 
electrode, and pHg that by the quinhydrone electrode. 


RESULTS AND DISCUSSION, 
Colorimetric Correction Factor at 20°. 


The results with equilibrated sera are given in Table I. The 
difference between the colorimetric and hydrogen electrode values 
averages 0.08 pH, [pH] — pHy, = 0.08. With one exception 
(0.02 pH) the individual determinations are within 0.01 pH of 
this average. 

It is significant that this correction is close to that for the salt 
error of phenol red as determined by Robinson with our system 
(unpublished results in this laboratory). 
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The constancy of these results as compared with the variation 
observed before is undoubtedly due te the difference in the tech- 
nique for obtaining the CO,.—H2 mixture for the Clark electrode. 
In the former work the serum was equilibrated at 38° at a known 
CO, tension. The 38° determinations with the hydrogen electrode 


TABLE I. 


Comparison of Colorimetric Determination of pH with Electrometric Deter- 
minations by Quinhydrone and Hydrogen Electrodes. 
Serum Equilibrated with COo-H2 Mixture. 




































































Electrometric. Colorimetric. sas so 
aS . jee] 
Date. az Subject. f ie 3 & & * 
ss Girone, | Hydrogen. gf) ole 
A” g°|a/8 
1987 °C. pH | t°C.| pH | t°C. |[pH)]| [pH] | pH | pH 
Normal 
July 18 1 G. C. 19.5) 7.39)19.6|7.44| 20.0)7.52) 7.52) 0.13/0.08 
- = 2 “ 21.4) 7.35/21.2/7.42| 22.5|7.49) 7.50) 0.15)0.08 
°- 2 3 . 2 20.2) 7.36/20.0/7.42) 19.8/7.51) 7.51] 0.15/0.09 
= 2 4 M. W. 20.5) 7.33/20.0/7.38) 23.0/7.44) 7.47) 9.14/0.09 
* 2 5 L. H. 20.9] 7.32|20.7/7.39) 21.0/7.46) 7.46] 0.14/0.07 
Aug. 1 6 W. E. 19.7| 7.31|19.7/7.37| 18.8/7.44| 7.43) 0.12/0.06 
= »@ 7 H. R. 20.1} 7.19/20.1/7.25) 19.7|7.32| 7.32) 0.13/0.07 
- - 8 I. E. 19.6} 7.32/19.2/7.39] 18.5]7.47| 7.46] 0.14/0.07 
July 25 | 9 ia 19.9} 7.33 _ | 20.5/7.46) 7.46) 0.13 
Aug. 4 | 10 0. C. 19.7| 7.27|19.1/7.32) 19.5)/7.40) 7.40) 0.13/0.08 
July 12 | 1l N. 19.6] 7.41/20.0/7.46) 20.0/7.54) 7:54) 0.13/0.08 
" Bins = 19.9] 7.39/20:0/7.45) 20.0/7.53) 7.53) 0.14/0.08 
LOL EOE TELE LED OE POE RY OT EE Lee POR eT 0.14 
Abnormal. | | 
July 8 | 13 Cyanosis.| 20.0 7.29)19.8)7. 30 20.0/7.38 0.09/0.08 











*Corrected to ¢ of electrometric determination according to pHre 
= [pH] + 0.01 (t,—i.). 


were made with CO.—H; mixture calculated to give the same CO, 
tension in the electrode. Experience indicates that that technique 
is satisfactory. 

The 20° hydrogen electrode values, however, were made with 
the same serum cooled to 20°, but with a CO,-H: mixture calcu- 
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lated on the basis of the CO, solubility coefficient to give the same 
[H:CO,] concentration. This was done as an approximation op 
the assumption that that [H,CO,] would remain approximately 
constant. The assumption neglects the effect of temperature 
change in buffer value, in distribution of COs, eéc., and as indj- 
cated by the variation in results is probably incorrect. 

The technique employed in obtaining data presented in this 
paper, however, involves no assumptions and may be considered 
as accurate to + 0.005 pH. 


Colorimetric-Quinhydrone Difference. 


The difference given in Table I between the colorimetric value 
[pH]zo and the quinhydrone value pHg,, on equilibrated sera is 
also constant with an average of 0.14 pH + 0.02 pH. 

The results for this relationship between the colorimetric and 
quinhydrone determination as made on unequilibrated sera are 
given in Table II and are in exact agreement with those for sera 
saturated with hydrogen. The average is 0.14 pH. 

The results furnish further evidence as to the reliability of the 
quinhydrone electrode determination in normal sera. It is to be 
noted that these sera which were not equilibrated with hydrogen 
to remove dissolved oxygen and which are as alkaline at pH 7.70 
to 7.74 (actual pH = 7.82 — 0.08 = 7.74) give the same difference 
as those in Table I. 

The relationship between these various determinations at 20° 
may be easily seen from Fig. 1. 

Table II also gives the results with two abnormal sera: in one, 
from a diabetic, the [pH] — pHy, was in agreement with the 
normal value; in the other, from a case of eclampsia, the difference 
varied + 0.03. This relationship in pathological sera is being 
studied further. For the present it seems safe to accept as ac- 
curate those determinations where the quinhydrone and color- 
metric determinations agree within + 0.02 pH of the mean value 
of 0.14 pH. 


Actual pH at 38° of These Subjects. 


Table III gives the values for thirteen students reported i 
Table II, with correction to 38°. Only those determinations are 
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included which were made within 1} hours after taking the blood 
and where the blood sampling appeared entirely satisfactory. 


Comparison of Colorimetric Determination with Quinhydrone Elect 
Determination on Unequilibrated Serui. 





Quinhy- 


Ss t 
Subject. drone. 





Normal humans. 














°c. pH °c. [ 
1 D. D. 20.0} 7.58 | 20.3) 7 
2 G. 20.1) 7.64 | 20.2) 7.7: 
2 B. 22.0] 7.55 | 21.5) 7.69 | 
4 L. S. 21.9] 7.54 | 21.5) 7.66 
5 M. | 21.9) 7.51 | 21.5) 7.66 | 
6 S. | 21.0] 7.56 | 20.5] 7.72 
7 N. | 21.1] 7.58 | 20.4] 7.74 | 
8 Me. 21.2) 7.59 | 20.5) 7.75 | 
9 Br. 21.5) 7.63 | 20.5] 7.78 
10 J. 21.5) 7.68 | 20.6 7.82 | 
11 F. | 21.3) 7.48 | 20.3] 7.63 | 
12 Ww. | 21.3) 7.57 | 20.2) 7.72 
13 E. 21.2) 7.49 | 20.2) 7.62 
14 A 20.7| 7.53 | 20.0) 7.69 
15 3 | 20.6) 7.52 | 20.3 7.66 
P. 20.7| 7.57 | 20.0) 7.74 
W.E. | 20.3 7.51 | 19.9 7.64 
L. H 20.0; 7.59 | 22.0) 7.7 
Pathological humans. 
Pregnancy, toxemia.) 19.8 7.68 19 7 
. 19.37.55 | 18.67 
19.5 7.63 | 18.7,7 
Diabetic. | 20.0 7.49 | 20.57 
20.2! 7.55 | 20.27 





These sera were obtained by the 
with their laboratory experiments, and in those cases where some 
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TABLE III. 


Samples, Calculated to 38°. 


Colorimetric Determinations Made within 14 Hours on Correctly Drawn 





































Average 
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Date. yy Subject. Colorimetric determination. Cut 
1987 °c, pH [pH ]2 pH 
May 17 1 D. D. 21.8 7.70 7.72 7.49 
- i 2 G. 21.6 7.70 7.72 7.49 
“« 2 3 Bl. 21.5 7.69 7.70 7.47 
* 4 L. S. 22.5 7.63 7.65 7.42 
“« 2 5 M. 24.0 7.61 7.65 7.42 
" 2 7 N. 21.5 7.63 7.64 7.41 
* BS 9 Br. 21.7 7.68 7.70 7.47 
= = 10 J. 22.3 7.65 7.67 7.4 
= 2 12 Ww. 20.2 7.70 7.70 7.47 
“ 2 14 A. 20.0 7.70 7.70 7.47 
“ 26 15 5. &. 20.3 7.66 7.66 7.43 
. 17 W.E *19.9 7.64 7.64 7.41 
July 28 18 L. H. 22.0 7.73 7.73 7.50 
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stasis was suspected or when it was not possible to study the 
samples until after lapse of several hours, the samples were kept in 
the refrigerator and used for the comparison studies reported in 
Table II, but were not considered representative of the pH of the 
students’ blood. The values in Table III however represent the 
results that are to be expected in the general run of clinical work. 
Analyses were made upon blood taken with only momentary stasis, 
centrifuged under solid paraffin at once, and the colorimetric 
determinations were made by the student and checked by one of 
the authors within 13 hours after venous puncture. 

It is to be noted that these values vary from 7.41 to 7.50 with an 
average of 7.45 when corrected to 38°. These are higher than the 
values observed before by Cullen and Robinson (6) at the Uni- 
versity of Pennsylvania but are just within the range of normal 
values as discussed in the review of the subject by Austin and 
Cullen (7), and it is felt that these values must be considered as 
representing the actual condition of the pH of the bloods of these 
normal individuals. 

It is of interest to remark two conditions which may or may not 
have had an influence on the rather high values obtained. First, 
the weather was uncomfortably hot, in fact, so hot that the stu- 
dents were perspiring freely. Second, the students were subject 
to a certain psychic disturbance in that they were taking blood 
and having venous punctures made for the first time. Whether 
or not the heat caused overventilation is an open question. It is 
planned to duplicate these studies on the same individuals during 
the winter. 


SUMMARY. 


The colorimetric determinations made on diluted normal human 
serum by Cullen’s method give at 20° values constantly higher 
than those by the hydrogen electrode. C202» = —0.08 pH. 

The difference between the pH determinations on normal human 
serum by the colorimetric method and by the quinhydrone elec- 
trode is also constant at 20°, [pH]2o — pHg,, = 0.14 pH. 

Additional data are given confirming the reliability of the quin- 
hydrone electrode for pH determination on serum. 

A survey of thirteen medical students by the colorimetric 
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method gives pH values at 38° between 7.41 and 7.50 with 
average of 7.45. 
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